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Editorial

Traditionally all abstracts of contributions submitted to the 23rd General Assembly
are included free of charge in the Annales Geophysicae Supplement once they were
accepted by the appropriate convener(s) and once they were received in time, in the
standard format and of sufficient quality for reproduction. Abstracts submitted for
symposia included in two different parts of the Supplement issue are included (twice)
in both parts, respectively.

Like in previous years, not all contributions included will actually be presented.
Because of the lack of financial support, several young scientists as well as colleagues
from the central and east-European countries will not be able to participate in the
meeting, although the Society has continued its support schemes, such as the Young
Scientists’ Travel Award and the East European Support Award. In this way there are
more abstracts included in the Abstract Book than contributions compiled in the
Programme Book. Therefore, in order to simplify the ordering of abstracts within an
. event, we have adopted the alphabetical order with respect to the surname of the first
author rather than the order of presentation in the Abstract Book.

With almost 5.800 contributions received, this Supplement of Annales Geophysicae has
become an important open forum for fast distribution of results of geophysical
research on a pan-European, international level, helping, at the same time, to promote
the contact between all geophysicists in Europe. Please, support the fostering of
cooperation and contact your colleagues also if not personally present this time. For
this reason, the authors have also included a contact e-mail or fax number in their
abstract for faster correspondence.

On behalf of the Society I am very pleased to welcome you to Nice on the occasion
of the 23rd General Assembly of the European Geophysical Society. May your
participation in this meeting be successful and scientifically rewarding.

A K. Richter
Executive Secretary
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BURRIDGE-KNOPOFF MODEL AND SELF-SIMILARITY

P.G.Akishin  (1,2,3), M.V.Altaisky (1,234), LAntoniou (2,5),
A.D.Budnik (1,2) and V.V.Ivanov (1,2)

(1) Laboratory of Computing Techniques and Automation, Joint Institute for
Nuclear Research, Dubna, 141980, Russia, (2) International Solvay Institute
for Physics and Chemistry, CP-231, ULB, Campus Plaine, Bd. du Triomphe,
1050, Brussels, Belgium, (3) European Commision, Joint Research Centre,
1-21020 Ispra (Va), Italy, (4) Space Research Institute RAS, Profsoyuznaya
84/32, Moscow, 117810, Russia, (5) Theoretische Natuurkunde, Free University
of Brussels, Brussels, Belgium.

altaisky@linserv.jinr.ru/Fax: [+007] 09621 65145

The seismic processes are well known to be self-similar in both spatial and
temporal behavior. At the same time, the Burridge-Knopoff (BK) model of
earthquake fault dynamics, one of the basic models of theoretical seismicity,
does not posses self-similarity. In this article an extension of BK model, which
directly accounts for the self-similarity of earth crust elastic properties by in-
troducing nonlinear terms for inter-block springs of BK model, is presented.
The phase space analysis of the model have shown it to behave like a system
of coupled randomly kicked oscillators. The nonlinear stiffness terms cause the
synchronization of collective motion and produce stronger seismic events.

VARIATIONS OF PREDICTABILITY OF STRONG EVENTS IN

A HIERARCHICAL MODEL OF SEISMICITY

E. M. Blanter and M. G. Shnirman

International Institute of Earthquakes Prediction and Mathematical Geo-
physics, Varshavskoe sh. 79 korp.2, Moscow 113556, Russia. N
blanter@ium.ips: ras.ru/Fax: [7]-(095)-310-70-32

Predictability of strong events in a hierarchical model representing general fea-
tures of seismicity is considered. A simple algorithm of prediction of strong
events based on variations of the average magnitude is applied in order to
investigate possible variations of the predictability.

Two kinds of variations of the predictability are obtained for the given algo-

rithm. The predictability strongly depends on parameters of the model: pre-
dictable and unpredictable synthetic catalogs exist. Strong temporal variations
of quality of prediction is obtained for the fixed algorithm and parameters of
‘modeling. Temporal variations are also observed for the optimal threshold of
the prediction. Observed variations may explain variations in the predictability
of strong earthquakes in different seismic regions and the difference between
the retrospective and forward prediction.

" EXPERIMENTAL ANALYSIS OF FRACTURE RUGOSITY IN

GRANULAR AND COMPACT ROCKS

J.M. Boffa, C. Allain and J.P. Hulin
Laboratoire FAST, Batiment 502, Campus Paris-Sud, 91405 Orsay (France)
boffalfast.fast.u-psud.fr/Fax: {+33] 1 69 15 80 60

Self-affine properties of the rugosity geometry for fractured granite and sand-
stone samples have been compared using two experimental techniques. Me-
chanical profilometry measurements-on granite confirm that Hurst’s exponent
H is close to 0.8 over the full experimental range (50pm — 10em) as reported
previously. For sandstone, the rugosity spectrum is independent on the frac-
turation velocny but follows a power law only above a cutoff length scale of the
order of the grain size. Moreover, the value of H in the self-affine part is dis-
tinctly smaller (0.45 £ 0.05) than for granite. Numerical simulations modelling
the faceted shape of the sand grains reproduce the cutoff effect while keeping
the value of H unchanged. The different H values in granite and sandstone may
reflect the extragranular nature of fracture in the latter case. These results are
compared to measurements of the lengths of shadows on such surfaces illumi-
nated under grazmg incidence. A power law distribution of the lengths with

-and exponent -1-H is expected up to a cutoff value depending on the amplitude
- of the rugosity and on the incidence angle. Diffusion and reflexion phenomena

give varying light intensities in shadows requiring the use of a local threshold-
ing algorithm. Images of large aspect ratio (8000 x 600) are used to improve
the measurement statistics on the distribution. Results obtained with this tech-
nique are in fair agreement with mechanical profilometry measurements.

BEHAVIOR OF THE DIVERSITY OF FRAGMENTS I'N PLATE
BREAKING

V.P. Brite(1), M.A F. Gomes(2), and F.A O Souza(2)

(1) Departamento de Fisica, Universidade Federal do Piaui, 64049-550, Teresina, PL,
Brazil. V PBrito@MNNet.Com Br / Fax: +55-86-232.2812

(2) Departamento de Fisica, Universidade Federal de Permambuco, 50670-901,
Recife, PE, Brazil. MAFG@NPD.UFPE BR / Fax: +55-81-271.0359

Fragmentation plays an important role in many geophysical phenomena e. g. in.

tectonics, weathering, and natural and artificial explosions. In the present work, we
study the fragmentation of brittle solids (cement and cement-gypsum plates of square

shape and different sizes) under apphcanon of periodic impulsive forces, emphasizing -

the time dependence of diversity of fragments, D(t), which is defined as
D(t) = 2.9(n(s,t)) wheree(x)= 1, if x > 0, and O otherwise. We have observed
from the several relationships between D(t), the total number of
fragments, N(t), and the size of the plates. Extensive computer simulations of the
processes using highperformance workstations were made and agree with the
experimental data. Among other relations we have found (i) a robust scaling relation
between the maxima of N(t) and D(t), i.¢. Nyax ~ Diax’ 2 (ii) the number of fragments
of size s at the time of maximum diversity, n(s), scales as n(s) ~ s***', in close
agreement with a recent study of self-organized criticality in &agmennng

«A FRACTAL APPROACH TO THE STRUCTURAL ANALYSIS OF
MELANGES .

Filippo Catani (1) & Paola Vannucchi (1)
(1) Dipartimento di Scienze detta Terra - Universit® degli Studi di Firenze
Email: feaani@geo.unifi.it - fax: ++39 55 218628

1 exhibits d t and the ition of this
has traditionally let to the npphcnmn of classical methods of structural geology
developed in the ductile strain regime. Despite their chaotic e, melanges
shauld show some degree ofinternal or;amnnon that eraditional methods often do not
take in right perspective. The wide variety of |en¢uc mechanisms responsible of
melanges formation complicates further on this pucmre So far several studies have

been showing that exist some kind of i ip among
different kind of mel. The i d ionships are mainly d with
the spatial pattern of blocks in matrix distribution and the fn distrib of
blocks themselves. Based on these fractal prop it our anempl onan
slternative approach to the study and d of The studied disrupted

sequence lics on western coast of Tuscany, near the city of Livomo. Froni a
stratigraphic point of view it belongs to the "Palombini Shales” formation of
Cretaceous age. It consists of a deformed seties of bedded siltstones and limestones
with interbedded shales that locally can become predominant over the competent

- lithotypes. Much of the sequence is coherent but disnupted units are present where the

shales prevail and in association to a major shear zone. The deformation features
recognized here are both symmetrical and asymmetrical blocks, isolated hinges often
refolded, pinch-and-swell, while the matrix is characterized by scaly fabric, C-S- .
structures and locally by some crenulation cleavage. From a geometrical point of view
amelange can be considered as a binary system in which the blocks are discriminated
by the matrix. The fractal model that better fits this system is the Sierpinski Carpet that
can be theoretically built starting from a square generator unit, dividing each side of it
in three equal portions and subtracting the central ninth esch time for an infinite
number of steps. Obvmsly in natral systems, the best fiting model is a random
version of the th ki fractal, ch ized by different fractal
parameters that give us a sort of geometrical "signature® of melanges. The application
of this models to the stdied outcrops can lead to a better description of the spatial
distribution of the different blocks helping in the 3D strain analysis. Besides, because
of the prompiness of that fractal method, it can also be used as a preliminary approach
in ive to classical, ti ing methods.
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DETECTING SCALING LAWS AND NON-LINEAR DINAMICS IN
GEOELECTRICAL SIGNALS: IMPLICATIONS WITH EARTHQUAKE
PREDICTION. :

V. Cuomo, V. Lapenna, §. Piscitelli and L. Telesca (Ist. di Metodologie Avanzate di
Analisi Ambientale, Area della Ricerca del CNR, 85050 Tito (PZ), Ltaly).

M. Macchiato (Dip. di Scienze Fisiche, Universit® di Napoli, Italy). C. Serio (Dip. di
Ingegneria ¢ Fisica dell?Ambiente, UniversitQ della Basilicata, Potenza, haly).

In this work precursory geolectrical time series measured in'a seismic area of Southern
Italy are examined, both in frequency and in time domains. The Higuchi fractal
method to estimate the spectral power-law index has been applied, because the
correlation between the length curve L(t) and the time interval t is better than the
correlation between the power spectrum P(f) and the frequency f. In the time domain
we analyzed the predictability of geoelectrical time series by using two forecasting
autoregressive approaches: the global autoregressive approximation and the local
autoregressive approximation. The first views the data as a realization of a linear
stochastic process, whereas the second one considers the data as a realization of a
non-linear deterministic process. The comparison of the predictive skifl of the two
techniques is a powerful test to discriminate low-dimensional chaos by random
dynamics. Our findings are that in the geoelectrical precursory signals the stochastic
nature is predominant. Then, all the possible implications with the short-term
earthquake prediction are discussed.

PRINCIPLE OF FASTEST RESPONSE IN GEOPHYSICS, HY-
DRODYNAMICS, ETC.

G. S. Golitsyn .

A .M.Obukhov Institute for Atmospheric Physics, Pyzhevsky Lane, 3, 109017,
Moscow, Russia.

mokhov@omega. ifaran.ru/Fax: [7] 095 953 16 52

The principle says: if we know the generation rate ¢ = dA/dt of a certain value
A, then A = g7, where 7 is the shortest time the system in consideration has.
In nature we often know g, such as the solar constant, or the geothermal heat
flux for dynamics of atmosphere and ocean, or geodynamics. In hydrodynamics
the comparison of times due to various terms in the Navier-Stokes equation
gives usual similarity criteria of Reynolds, Rossby, ‘Mach, etc. The principle
reproduces readily all major results of hydrodynamics of forced flows in tubes,
gravity field, turbulence in 3D and 2D, convection with and without rotation,
mean wind on terrestrial planets, etc. New results are: frequency-intensity spec-
tra for tropical cyclones, earthquakes, cosmic rays. Other applications of the
principle may be envisioned. Relationship of the principle to the similarity the-
ory, fractals will be discussed.

DETERMINISM AND PRECURSORS IN EARTHQUAKE IN-
TERVALS

C.Goltz )
Geophysics, Kiel University, 24118 Kiel, Germany.
goltz0physik.uni~kiel.de

It is now widely believed that earthquakes constitute a highly nonlinear, prob-
ably chaotic process. In practical earthquake prediction, earthquake-related
parameters are monitored in the field to detect so-called anomalies with pre-
cursory qualities by watching for ‘peaks’. The same is true for analysis of spatial
seismicity patterns whose temporal properties are also summarised in a time
series. In the light of chaotic processes, however, it becomes clear that this sim-
ple approach does not reflect the necessarily higher degree of freedom of the
underlying process. To be able to monitor properties of a chaotic system. anal-
ysis must instead be carried out in phase space. In the case of low-dimensional
deterministic chaos one expects a so-called strange attractor in phase space
whose properties should ideally be monitored for precursory behaviour. Unfor-
tunately, nonlinear analysis of a great variety of real world signals has shown
that the signals almost always posess too high a degree of freedom for numerical
treatment, due to noise or the signals true inherent complexity. In this work,
a series of earthquake intervals was constructed directly from an earthquake
catalogue and a low dimensional deterministic structure was detected. Deter-
minism of the attractor was confirmed by analysing phase randomised data.
Furthermore, a Poisson distribution could not produce similar results. A first
application of “phase space monitoring’ is shown and seems promising.
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SIZE-FREQUENCY DISTRIBUTION OF EARTHQUAKES IN HI-
ERARCHICALLY ORGANIZED LOAD-TRANSFER MODELS

J.B. Gémez (1) and AF, Pacheco (2)

(1) Departamento de Ciencias de la Tierra, Universidad de Zaragoza, 50009
Zaragoza, Spain, (2) Departamento de Fisica Tedrica, Universidad de Zaragoza,
50009 Zaragoza, Spain.

jgomezCposta.unizar,es/Fax: [+34] 76 761088

Large hierarchically organized sets of elements (simulating asperities in a fault)
are loaded to the point of complete failure. The fracture thresholds of individual
elements are stochastically distributed, and the hierarchical structure for load-
transfer is of the fractal-tree type. During the breakdown process there occur
bursts (earthquakes) of several elements breaking simultaneously at a given
load. Using Monte Carlo simulations we compute the frequency of bursts versus
their size. This shows a gross power-law behaviour superimposed by a wavy
pattern closely related to the coordination number of the fractal tree used for
the load-transfer structure.

STADY OF NONLINEAR ELASTIC PROPERTIES OF ROCKS BY
DYNAMIC CHARACTERISTICS OF TECHNOGENEOUS HARMONICS

V.V.Gushchin (Seismology Department, Radiophysical Research Institute, N.
Novgorod, Russia); O.V.Pavlenko (Institute of Physics of the Earth, Moscow,
Russia)

Seismic noise recordings from seismic stations “Obninsk”™, “Kislovodsk”, “Arti”
(Russia), and “Dobrushka™ (Czech Republic) are analysed. All recordings contain
industrial harmonics, such as 1 Hz, 1.25 Hz, 2 Hz, 2.5 Hz, etc. Nonlinear elastic
properties of rocks in the vicinities of seismic stations can be estimated by
coefficients of modulation of industrial harmonics by intense low-frequency
processes, as storm microseisms and tides. To estimate nonlinear elastic properties
of media, so-called “natural widths” of spectral lines of industrial harmonics and
spectra of their amplitude and phase variations are studied. The results are
compared with the results of numerical modeling. Conclusions are made about
parameters of elastic nonlinearity of rocks in the vicinities of the seismic stations.
To test these estimates, bispectral characteristics of seismic noise are calculated for
the studied regions, and evaluation of parameters of elastic nonlinearity is made by
bispectral amplitudes of seismic noise.

A CREEP-SLIP MODEL OF EARTHQUAKE FAULTS:
ANALYTICAL AND NUMERICAL RESULTS

P. Hiahner and Y. Drossinos
Joint Research Centre of the European Commission, 1-21020 Ispra (VA), Italy.
peter.haehner@jrc.it/Fax: {39] 332 785 815

The classical spring-block model by Burridge and Knopoff (BK) is generalized
in a way to account for the irreversible deformation (creep) of the fault interface
in addition to rigid sliding displacements. By this generalization the driving
forces are allowed to relax, and a rate and state-dependent friction with velocity
softening is introduced. The model exhibits a new kind of short-wavelength
instability which is associated to microfissuration during aseismic creep and by
means of which parts of the fault self-organize to the critical state defined by the
onset of velocity softening. The model is discussed in relation to the BK model
(where this type of instability is absent) and compared to threshold models
exhibiting self-organized criticality. Numerical results show intermittency of
the seismic cycle and give power-law scaling of the event-size distributions.
Implications of the model with respect to the predictabilty of earthquakes are
discussed.



FRACTAL CHARACTER OF THE EARTH’S EVOLUTION

V. V. Kuznetsov )
Tistitute of Geophysics SB RAS, University av., 3, Novosibirsk, Russia 630090.
kuzQuiggm.nsc.ru

The fractal properties and scaling of the Earth’s magnetic field reversal: are
the peculiar characteristic of the Earth’s evolution. The suggested model is
based on that the thickness of the Earth's outer core was gradually increasing
during the evolution; the formed convective cells with increasing the core thick-
ness changed so that their number decreased when the cell sizes increased; the
Earth’s magnetic field polarity changed when the regime of convection changed;
when the convection was steady, the magnetic field was stable; the convective
cells arising in the core has the similar fractal structure and they belong to~
the same class of universality. The ordered multitude, characterizing the pe-
riod durations of the steady convection and the period of its structure change
and possessing the scale properties, is estimated with the multitude of the pe-
riods of the Earth’s magnetic field reversals. Their community suggests that
this model is equivalent to the nature of changing the polarity of the Earth’s
magnetic field.

THE SELF-ORGANIZING CRITICALITY AS THE REASON OF
THE GEOMAGNETIC FIELD REVERSAL

V. V. Kuznetsov
Institute of Geophysics SB RAS, University av., 3, Novosibirsk, Russia 630090.
kuzQuiggm.nsc.Tu

According to the "hot’ Earth’s model, the region of the phase change on the
inner core boundary can be presented in the form of the large number of inter-
acting elements in which the phase change ”condensation-evaporation” takes
place. Such system can not in prmcxple to achieve the thermodynamic equilib-
rium. It evolves to the critical state in which any small event causes the chain
reaction; the system changes the direction of the phase change, for example,
the advantage of condensation changes on the advantage of evaporatlon In do-
ing so, the change of the electric field polarity takes place arising on the phase
. change and, as result, the polarity of magnetic field changes.

THE MAGNETIC FIELD, SCALING STRATIFICATION AND THE
MAGNETIZATION SPHERO-SCALE

S. Pecknold, S, Lovejoy (McGlll University, Dept. of Physics, 3600 Umversuy St.,

Montréal, Québec, Canada, H3A 2T8)
D. Schertzer (L. M. MJCN.R.S,, BP 162, Université Pierre et Marie Cune. 4 Place
Jussieu F-75252 Paris Cedex 05, Francc)

The standard mode! of the structure of the earth is that that the horizontal and
vertical structures are qualitatively quite distinct; the latter generally being refered to as
"strata”. Many geophysical fields have been shown to be scaling in both horizontal
and vertical directions; this raises the possibility of a unified horizontal/vertical
description and model based on generalized scale invariance (GSI). In certain cases
such as the susceptibility (and by inference magnetization), it has been empirically
suspected (Pilkington and Todeschuck .1993) that the spectral scaling exponents are
different in the two directions. Stratification is very pronounced at small scales, but at
larger scales the stratification dimishes. Eventually one power law exceeds the other
(at a roughly isotropic scale called the "sphero-scale™), while at still larger scales, the
stratification reverses direction (e.g. mountains have "roots”).

We use the well-known statistical relationship between surface magnetic
anomalies and the magnetization, showing that if the latter is scaling but anisotropic,
the magnetic field will have a break in the scaling at the sphero-scale with different
high and low frequency exponents that are related to the “elliptical dimension” (Dey) of
the magnetization. Using a dozen aeromagnetic and susceptibility surveys and
borehole data we show that D, =7/3 (a value 3 would indicate an unstratified earth, a
value 2, totally stratified), and (as expected) a variable sphero scale (in the range =8 to
=50km).

A FRACTAL PIPE MODEL FOR VOLCANISM

J.D. Pelletier
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA.
jonOgps.caltech.edu/Fax: 626-585-1917

Volcanoes within volcanic arcs and fields are clustered in space and their erup-
tions are clustered in time, We utilize the pair correlation function, the number
of pairs of volcanoes as a function of the radius separating the pairs, normal-
ized by the number expected from a Poisson process, to quantify the clustering
of volcanoes in several volcanic arcs and vent fields. Scale-invariant clustering
is observed. The pair correlation function in time is used to identify scale-
invariant clustering of eruptions in time. We also analyze spatial and temporal .-
clustering in volcanic rocks with the Radiometric Databank of 11,986 dated
volcanic rocks in the North American Cordillera and find scale-invariant clus-
tering with statistics identical to those of distributed seismicity. In addition,
the frequency-size distribution of eruption volume is a power law analogous to
the Gutenburg-Richter distribution for earthquakes with a ‘b’ value of 1. In an
attempt to explain these observations, we first consider a model for the spatial
clustering of volcanoes and the size distribution of magma chambers in terms
of a simple model of an upwelling instability of magma through the upper man-
tle and crust. This model geometry is then used in conjuction with a model
for the flow of magma through upwelling channels that terminate at magma
chambers with a pressure-dependent time-to-failure probability of eruption.
The frequency-size distribution of eruptions and the clustering of volcanoes in

_space and eruptions in time are identical to those observed.

MULTIFRACTAL TOPOGRAPHY AND ITS BI- DIRECTIONAL
REFLECTION FIELD

2,_3333[ S. Pecknold, S. Lovejoy (McGill University, Dept. of Phys:cs, 3600
University St., Montréal, Québec , Canada, H3A 2T8)

D. Schertzer (L.M.D/C.N.R.S., BP 99, Université Pierre et Marie Curie, 4
Place Jussieu F-75252 Paris Cedex 05 France)

The analysis of DEM's in recent years has led to considerable evidence
that many topographic and bathymmetric fields display multiscaling
characteristics over scales ranging from the size of the Earth down to at least
90m. Remotely sensed surface reflectivity fields also show multifractal statistics
with roughly the same basic muliifractal parameters; apparently only the non-
conservative parameter H is significantly different.

Using simple theoretical models and numerical simulations we study
the relationship between the scale-by-scale statistical properties of a given
radiance field and those of the underlying topography profile. The statistics of the
calculated radiance field are then compared with those of the known topography
field, allowing direct comparison of the two fields' scaling parameters lncludmg
those determining the anisotropy and morphology.

ANOMALOUS SCALING OF FRACTURE SURFACES

J. Schmittbuhl (1) and J. Lépez (2)
(1) Lab. de Géologie, URA 13186, Ecole Normale Supeneure 24 rue Lhomond,

* 75231 Paris Cedex 03, France, (2) Department of Mathematics, Imperial Col-

lege, 180 Queen’s Gate, London SW7 2BZ, United Kingdom.
schmittbuhl@geophy.ens.fx/Fax: [33] 144322200

We argue that fracture surfaces exhibit anomalous dynamic scaling properties
akin to what occurs in some models of kinetic roughening. We determine the
complete scaling behavior of the growth of local topography fluctuations of a
brittle fracture in a granite block from experimental data. We obtain a global
roughness exponent x = 1.2 which differs from the local one, x1oc' = 0. 79
Implications on fracture physics are discussed.
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SELF-ORGANIZED CRITICALITY AS A RESULT OF HETERO-
- GENUITY OF MEDIA: MIXED HIERARCHICAL MODEL

M. G. Shnirman and E. M. Blanter

International Institute of Earthquakes Prediction and Mathematical Geo-

physics, Varshavskoe sh. 79 korp.2, Moscow 113356, Russia.

blanter@ium.ips.ras.ru/Fax: 7]-(095)-310-70-32

We are interesting in investigation of general features and appearing conditions

of critical behavior in self-similar systems. Two kinds of critical behavior are -

separated. An unstable critical behavior exists in isolated points, it is usually
connected with a phase transition. A stable critical behavior such as the self-
organized criticality exists in a nondegenerate area of system parameters. We
consider a simple model where both kinds of criticality are achived.

A hierarchical model of defects representing a mixture of the simplest transi-
tion operators is suggested. Four kinds of system behavior are realized: stability,
catastrophe, phase transition from stability to catastrophe and a stable critical
behavior (SOC). The condition to obtain a stable critical behavior is deter-
mined in terms of parameters of the mixture. It is shown that the self-organized
criticality expresses heterogeneous properties of the media.

Different precursory patterns for strong earthquakes reflecting concrete type of
system behavior are described.

HETEROSCEDASTICITY, HURST, AND SURROGATE DATA:
PERSISTENCE WITHOUT PREDICTABILITY

Leonard A. Smith (1) and Myles Allen (2)

(1) Mathematical Institute, Oxford University, OX1 3LB, UK., (2) AOPP,
Oxford University, OX1 3PU, U.K..

lenny@maths.ox.ac.uk/Fax: [44] 1863 270 515

The analysis of a variety of nonlinear geophysical data sets often reveals “long
range dependence” which is in turn taken as an indication of enhanced pre-
dictability. It is illustrated that “long range dependence” need not imply any
useful increase in predictability. This is the case, for instance, with seasonal het-
eroscedasticity; surrogate data methods for identifying this type of technically
“nonlinear” behaviour are provided. Surrogate data consists of artificially gen-
erated data from a known process constructed so as to mimic some properties
of an observed data set. Its value lies in identifying the lack of significance of
a particular data analysis, when the same analysis of a “similar looking” data
from the (known) surrogate process yields an result which is (known to be)
incorrect. Of course, even if the observed data set can be distinguished from
the surrogate data, it might be different for the wrong reason: if the wrong
properties of an observed data set were mimicked, then the particular analysis
may still be insignificant. Several examples are provided.

LOG PERIODICITY IN THE FOREST-FIRE MODEL

D.L. Turcotte, B.D. Malamud and G. Morein
Department of Geological Sciences, Comell University, Ithaca, NY 14853-
1504 USA; Turcotte@Geology.Comell.edu

The forest-fire model is one of three classic examples of models exhibiting
self-organized critical behavior; the other two are the sandpile and slider-
block models. Log-periodic behavior is fractal behavior with a complex
fractal dimension. In the simplest form of the forest-fire model, a square
grid of sites is considered. At each time step a site is randomly chosen,
either a tree is planted on the site (if it is unoccupied) or a match is dropped
on the site. If a match is dropped on a site with a tree, that tree and all
adjacent trees burn. The sparking frequency f; specifies the number of trees
planted (or attempts to plant) before a match is dropped. If f; = 1/100, a
match is dropped after each 99 time steps. For very small firing frequencies
(i.e., 1/10,000 for a 128 x 128 grid) the frequency-size distribution of forest
fires cluster at well defined peaks. These peaks approach the size of the
grid and satisfy a log-periodic relation. This behavior can be explained in a
straight-forward manner. The exponential growth of the forest density
combined with a periodic triggering mechanism leads naturally to log
periodicity.- It is interesting to speculate whether observations of log-
periodic behavior in natural phenomena such as earthquakes can also be
explained in this way.
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A SCALING LAW BETWEEN AN ELECTRIC PRESEISMIC
ANOMALY AND THE MAGNITUDE OF THE ASSOCIATED
EARTHQUAKE.

F. Vallianatos
Technological Educational Institute of Crete, Chania, Crete, Greece.
fvallian@ee.teiath.gr / Fax: +30 1 9415391 or +30 821 28190

Experimental results suggest that the electric earthquake precursors (EEP)
emitted from various regions and recorded in a given field station have
maximum electric field value E which is scaled to the magnitude M of the
carthquake, by the expression: logE = aM+b; (1) where a is a positive slope
factor lies between 0.3 and 0.4 and b is connected with peculiarities of the
observational site. Recently a model based on the motion of charged
dislocation (MCD model) has presented in order to describe the generation of
EEP. It has concluded that in order to observe an EEP distributed emitting
cells are required. In the present work the emitters simulated for simplicity by
polarized spheres distributed in the earthquake preparation volume. Without
the assumption of any underling generation mechanism, an induced
polarization P(t)=P. u(t), u(t) is the step function, appears in the volume of the
sphere. Since P varies with time the sphere behaves as a source of electric and
magnetic field. Introducing the hypothesis that the number of emitting spheres
N is scaling with their radius R as N«1/RP, we lead to an expression similar to
(1) where @=(3-D)/2. The experiment indicates that D lies between 2.2 and 2.6
leading to a values in the range 0.2-0.4, in comparison with the observed ones.
The latter agreement suggests that the scaling law (1) is a result of the
geometric distribution of the emitters in the earthquake preparation zone.

A CHARACTERIZATION OF NONSTATIONARY MULTIFRACTAL
PROCESSES

. Veneziano, 1.D. Niemann, and R.L. Bras
Dept. of Civil and Environmental Engineering, MIT, Cambridge, MA, USA
venezian@mit.edwFax: +617-253-6044

Multifractals are ordinary processes X(t) or g lized processes X[h(t)] that satisfy
certain stochastic scaling conditions. For example, a multifractal X(1) satisfies X(1) =¢
A X(rt) for some deterministic H and some random A, with E{A}=1,r21 or r <
1, and t in a certain range. The above scaling condition is of a global nature. In
addition, the increments of X(t) may scale locally, in the sense that X(t+1)-X(t) =¢ r¥
A [X(t+rt)-X()) for some deterministic H' and stochastic A, r as above, and any
given t and t. In the special case when A, = 1 deterministic, X(t) is self-similar. Self-
similar processes with stationary increments have identical local and global scaling.
withH=H’ and A, = A, = 1. Analogous global and local scaling properties apply to
generalized processes X[h(t)]. We show how processes X(t) and X[h(t)] with various
local and global, self-similar or multifractal, scaling properties are related to
stationary processes and to processes with stationary increments and how such
constructions determine the scaling parameters {H, A, H', A/}. These
characterizations are extensions of a classic result by Lamperti (1962) for globally
self-similar processes. An example of ordinary nonstationary multifractal js the
mode! of annual maximum stream flows by Gupta, Mesa and Dawdy (1994), which
is globally mulifractal with A, either lognormal or log-Levy. An example of
generalized multifractal is the river profile model of Veneziano et al. (1998; this
conference), which is globally self-similar (H =1 and A, = 1) and locally multifractal
(H' =1and A, log-Levy or the product of a Bernoulli and a lognormal variable).

3-D ORE FRACTALS AND STRANGE ATTRACTORS IN THE TIME
SERIES OF THE PRECAMBRIAN BANDED IRON FORMATIONS (BIF).

D.Yegorov {Kola Science Centre, Russian Academy of Sciences,
14 Fersman street, Apatity, SU-184200, Russia)

An analysis of 100 BIF's magnetic distributions using Takens method
showed that spatial variations of magnetite are an exhibition of the
deterministic time history of the ore systems. It is established that
inclinations of the D=f(d) plots defining a fracta! dimension of attractors
D=2.05-2.3. This means that magnetite distribution in the ore bodies after
folding, metamorphism of BIFs, etc., is controlled and can be set by an
interaction of a small number of variables.

Investigations of fractal geological objects (most of them are 3D bodies) as a
rule are based on their 1D - 2D sections, or some indirect data (as in
seismology). Such investigations, however, do not provide a strong basis for
calculation of fractal dimensions.Unique geological and geophysical data of
the Kirovogorskoye BIF deposit structures give a possibility to determine 3D
fractal dimension of the BIF bodies (D=2.14).

Digital experiments in modelling of re-distribution of components, according
to the model system of 8 variables (Si- Fe?"-Fe**-Ca-Mg-Al-K-Na) show that
there is a possibility that structures analogous to BIF bodies could be
formed. This testifies that fractal structures of the Kola BIF's are not a
random coincidence, but an evidence of functioning of a metamorphic-self-
organization system.
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NONLINEAR EFFECTS ON THE TEMPORAL EVOLUTION OF
FLUVIAL DISCHARGE : CASE OF THE OUBANGUI RIVER

D. Aubert (1), A. Beauvais {2), J. Dubois (1) and D. Orange (3)

(1) Institut de Physique du Globe, Paris, France, (2) ORSTOM, Bondy, France,
(3) Laboratoire d’Hydrologie, Centre ORSTOM, Bamako, Mali.
aubertlipgp.jussieu.fr

The daily Oubangui river discharge, measured during 59 years, shows a strong
one-year cycle, with irregular variations along the time. Our goal is to deter-
mine the physical nature of theses modulations (stochastic or chaotic process).
Although the autocorrelation time 7 is about 3 months, and despite the rela-
tive shortness of the time serie (22,220 points), the Grassberger and Proccacia
method can be adapted and applied to this time serie. For different pseudo-
dimensions p, a pseudo-attractor can be constructed with points of coordinates
(Q(t:),Qti+r)s--Qtis(p—1)r) and the correlation function C(r) 'is computed,
where r is the pseudo-distance. The slope of the plot In r vs In C(r) is estimated
and converges to a value near 7.5. This implies that the Oubangui river dis-
charge evolution depends on a deterministic dynamical system, with 8 degrees
of freedom. Other data analysis methods, like Poincaré sections and Lyapounov
exponents may be used to confirm and sharpen this result.

Examination of the relationship between mean precipitations, measured in dif-
ferent stations, mean runoff and bassin geomorphologic characteristics may
provide insight into the underlying physical processes influencing the river dis-
charge evolution. . )

ELECTRICAL ANALOGY OF FRACTAL HYDRODYNAMICAL
DISPERSION . )

Peter Bakucz (bakucz@vit.bme.hu)
Technical University of Budapest, Department of Water Resources Engineering

Determination of basic hydrodynamical parameters for pollutant transport in the
subsurface area. Mathematical modeling of the hydrodynamical dispersion, with help
of random network of tubes with percolation disorder. For each bond of the system,
the tracer motion is governed by a convection-diffusion equation, with the drift term
accounting for the local bond velocity. This represents an extension of random walks
in disordered media to the important case of finite macroscopic flow rates. There is a
Poiseuille flow in the tubes, so that the fluid flow problem isomorphic to the current
flow in random resistor network. The analogy implies the comrespondences: node
voltages equivalent to node pressures and link currents equivalent to link fluxes. Based
on this analogy a laboratorial electric modell developed to investigate the fractal
characteristics of hydrodynamical dispersion. Elaborating of 168 laboratorial
experiments changing the transformed electrical properties modeling of hydraulical
and geotechnical parameters. Identifying of the dispersion front. Receiving the set of
fractal dimension for the dispersion front in {1.38,1.51]

MULTISCALING PROPERTIES OF THE THREE DIMENSIONAL
SPATIAL DISTRIBUTIONS OF RAIN AND SNOW IN 10 M3

N. Desaulnjers-Soucy, S. Lovejoy (Physics dept, McGill University,
3600 University St., Montréal, Québec, H3A 278, Canada)

D. Schertzer (LMD, boite 99, Université P. et M. Curie, 4 pl. Jussieu,
Paris F-75252 Cedex 05, France), M. Duncan.

High space/time resolution radar rain data reveal multiscaling
behaviour down to the resolution scale of a radar pulse volume. If this
behaviour continues at sub-pulse volume scales, it will lead to large
systematic biases in radar estimates of rain. However, a smaller
resolution measuring device has to be used to directly test the small
scale behaviour of the spatial distribution of hydrometeors. Stereo
photography is used to detect up to 105 rain drops or snow flakes in a
volume =10 m3. The hydrometeors are. lighted by two powerful xenon
flashes (50 s, 2000J). Three motorized Hasselblad cameras and
stereoscopic reconstruction algorithms provide accurate estimates of
their size and position. Multifractal analyses relating to the field of
liquid water content (for rain drops) and equivalent liquid water
content (for snowflakes and ice crystals) are performed and the
implications for cloud physics, radar measurements of rain and
millimeter wave telecommunication networks are discussed.

RELATIONSHIP BETWEEN MULTIFRACTAL ANALYSIS OF
RAINFALL TIME SERIES AND SPATIAL RAINFALL DATA

I. Dwyer (1) and B. Lammering (2)
(1) Institute of Hydrology, Wallingford, OX10 8BB, UK, (2) Mathematical In-
stitute, North Haugh, St Andrews, Fife KY16 9SS, UK.

Better description and modelling of spatial rainfall is needed for hydrological
applications (eg GCMs and simulations for distributed modelling). One of the
best measurements of spatial rainfall fields is from radar. This typically renders
in the order of 100 x 100 pixels for each single radar snapshot. This data is too
limited for accurate enough estimation of multifractal parameters to distinguish
different storm types (which is essential for GCM application).

One technique that we are exploring is using theoretical results to infer spatial
multifractal characteristics from temporal ones. Under certain conditions we
may regard temporal readings at a fixed site of a moving system as correspond-
ing to an instantaneous section of the spatial field. This allows applitation of
some recent rigorous work that relates multifractal characteristics of settions or
“glices” of measures to multifractal characteristics of the measures themselves.

USING MULTIFRACTAL DESCRIPTION OF SPATIAL RAIN-
FALL IN GCMS .

1. Dwyer (1) and Birger Lammering (2) .
(1) Institute of Hydrology, Wallingford, OX10 8BB, UK, (2) Mathematical In-
stitute, North Haugh, St Andrews, Fife KY16 9SS, UK.

Global Climate Models (GCMs) typically operate on two dimensional spatial
grids comprising squares of side 100km or more. The averaging of rainfall over
such grid squares results in rainfall intensities that are too low and therefore an
overestimation of evaporation and an underestimation of runoff. Current fixes
include assuming a negative exponential distribution of rainfall intensities and
an arbitrary fractional coverage depending on one of two storm types. There
is mounting evidence that rainfall is multifractal and so the incorporation of
a multifractal description of spatial rainfall in GCMs offers a more realistic
approach to water balance calculations. The application of a multifractal pa-

_rameterization scheme and a multifractal cascade model within a particular

GCM are discussed. Preliminary results using the UK Meteorological Office’s
GCM SVAT model (Soil-Vegetation-Atmosphere transfer) make comparisons
between all the above approaches.
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ON FRACTAL CHARACTER OF SOIL SOLID PHASE
SURFACE AS REVEALED BY RETENTIVITY FUNCTION

A.M.Globus. Agrophysical Rescarch Institute, St.Petersburg, Russia,
¢-mail: aglobus@agrophys.spb.su

Many propertics of soils influencing their fertility as well as the behavior
in ecological processes are determined by geometry of solid phase. It is
particularly true for unsaturated soils composing the uppermost part of
vadose zone. Usually this gecometry is characterized by value of specific
surface area thus leaving a lot to know about organization of this surface.
In a case if soil s0lid phase surface exhibits fractal properties, fractal
dimension and other fractal characteristics can be used in soils transport
functions such as retentivity and hydraulic conductivity. m:p i

mode] assumptions we used the relationship dW/dh= ah

content on volume basis, h - matric suction, D- fractal dimension, a-con-
stant) to study fractal behavior of chemozem and podzolic soils. To
determine h we used micropsychrometer method allowing to measure by
the same technique suctions as big as 80 bar. We found solid phase surface
‘to follow the rules of fractality (2.39<1D<2.99) - the better the Jess was
disturbance of a soil structure- particularly for h> 10-20 b.

ON SPACE-TIME SCALING OF CUMULATED RAINFALL
FIELDS

Ignacio Rodriguez-Iturbe (1), M. Marani (2), Paolo D’Odorico (2) and An-
drea Rinaldo (2)

(1) Department of Civil Engineering, Texas ALM University, College Station,
Texas, (2) Dipartimento di Ingegneria Idraulica, Manttlma e Geotecnica, Uni-
versita di Padova, Padova, Italy.

In the study of space-time rainfall it is particularly important to establish char-
acteristic properties to guide both theoretical and modelling research efforts.
In the present paper new observational analyses on the scaling properties of
time-evolving cumulated rainfall fields are presented, and a theoretical frame-
work for their interpretation is introduced. It is found that the time evolution
of the spatial organization of a cumulated rainfall field produces characteris-
tic scaling relationships of spatial variance vs. time. The reproduction of these
relationships constitutes a basic requirement for spatial-temporal field gener-
ators in order to model important properties of real rainfall fields. It is then
shown, on theoretical grounds, what properties the instantaneous rainfall in-
tensity fields must obey in order to reproduce the experimental observations,
and how the size of the observation domain affects the scaling relationships.
Some current stochastic models of space-time precipitation are finally discussed
and analyzed in the light of the tools introduced, to show under what circum-
stances the models considered give acceptable results. Furthermore, it is shown
that the assumption of an exponential time correlation function, used in many
current rainfall models, is not compatible with observations.

SCALING BEHAVIOUR OF MACRODISPERSION IN A BRO-
MIDE TRACER EXPERIMENT ON THE FIELD SCALE

Uwe Jaekel, Holger Schwarze and Harry Vereecken
Research Centre Jiilich, ICG-4, D-52425 Jiilich, Germany.
u.jaekel0fz-juelich.de, h.schwarzeQfz-juelich.de,
h.vereeckentfz~juelich.de/Fax: [49] 2461-61-2484

We investigate the scaling behavior of the longitudinal macrodispersivity ob-
served in a bromide tracer experiment on the test site Krauthausen. Based on
a geologic characterization, the aquifer is subdivided into three layers. For the
rather heterogeneous two upper layers of fluviatile origin, we observe a power
law scaling of the macrodispersity according with the scaling law discussed by
Neuman (1991). In the deepest and more homogeneous layer, however, we find
evidence for asymptotically Fickian behavior. Results are compared to numer-
‘ical simulations and information obtained from hydrogeologic and geophysical
measurements.
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MODELING OF CONTAMINANT TRANSPORT WITH HELP OF
STOCHASTIC PARTICLE SIMULATION

Istvan Kontur- Peter Bakucz _
Technical University of Budapest, Department of Water Resources Engineering

In this paper we investigate the simulation of hydrodynamical contaminant transport
with help of stochastical particle tracking method in two and three dimensions. Using
the random-walk method solving the Fokker-Planck equation with different boundary
conditions, named reflecting and non- reflecting wall. The fractal nature of the porous
media simulated by statistical games in possession of the fracta! dimension of the
investigated layer. Fractal analysis of different concentration path lines in central
symmetrical case where the Pe number about 0 and for the homogen veloclty field
case where the Pe number 10-10000 are elaborated. Investigating the sensmvuy of the
fractal dimension of porous media. One of the result of this article is that the small
perturbation of the initially fractal dimension of the porous media results very much
changing in the path line.
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FRACTAL STRUCTURI. OF LARGEST RIVERS OF CENTRAL ASIA

Gilazirina Marijn (Centeal Asinn Rescarch Hydroascteorelogical lustitute, 72,
K. Makhautnoy wr,, 700052 Tashkent,Usbcekisian)
Bannil: tanigmigigismet govag

Changes of clpate ke place 1m0 Centrnl A region al presant. One of
pinsible rewgons of this process is Aral Sea llqndulmn That is why a problemn
of investigation of all dvees of the segion by various acthods 1s very mportant.
Some of the methods are tsed in Former Soviet Union for many yeors others ure
developed wosefticientty till now. One of such methods s umdcllng of river
mtwork using ntheons of fractals and sifsimibuits . Validation of theoreticat
promises of this theory was made for fargest rivers of Central Asin - Naryn mnd
Valhi. Their run-of) i not distorted powerfully by cconomic nctivity in the
mountuin part of their watersheds, 10 was showat that e structure of chosen rivens
actwork satisfies to conditions of sellximitiority . Some qers setlximilurity off
the ohjects were cvatuaied. ‘They are parminciers of empiricat laws of river natwork
struciure. pendences of Wngths of win  on watershed weeas were found.
Fractal dimensions of Nann and Valish River networks were cvnlusted.

Resultes of the mvestigation ean be wsed m future lor evalustion of somy
panuucters of simulation models of o fdver sdwork stawcture changing under
s influence of various  sturnl and  anthropoganic  fuctors,  Morcover,
investigation of scltsimiliunty snd froctsd of fver petwark can penuit to compress
m information (or ils saving.

EMPIRICAL RELATION BETWEEN FRACTAL DIMENSION OF SUPPORT AND
AVERAGE ACTIVITY, FOR SPACE-TIME RAIN DISTRIBUTIONS;
COMPARISON WITH A SPACE-TIME MULTIFRACTAL MODEL.

D._Marsan (Dpt. of Geology, University College Dublin, Belfield, Jreland,
dmarsan@ollamh.ucd.ic)

D. Schertzer (Laboratoire de Modelisation en Mecanique, Universite P. et M. Curie, BP
162, 4 Place Jussieu, 75252 Paris Cedex 05, France, schertze@limm.jussicu.fr)

S. Lovejoy (McGill University, 3600 University Street, Montreal, Quebec, H3A 2T8,
Canada, lovejoy@physics.megill.ca)

We further discuss the two extreme hypothesis concerning the ongm of zeros for rain
fields: the zeros are due to (i) the rain process itself, which 1),
“dry™ and “wet"™ areas/periods (¢.g. Kadem and Chiou), and (i) to thc uuuholdmg caused
by the measuring apparatus (e.g. Lovejoy and Schertzer). An empirical relation is derived
b the fractal d D of the apparent spatial set supporting rain distributions and
the local rain average activity R, for different space-time rain datasets inferred from radar
reflectivity signals: D varies linearly with log(R). This is in agreement with the observation
of Over and Gupta (1994). However we show with the help of a space-time multifractal
mode! (Marsan et al. 1996) that our result rather supports the second hypothesis (ii).

The success of this model to predict the observed relation is an indication that
mulitplicati des are pertinent for the dynamical modefling of rain; they correspond

to 2 hierarchy of rainy structures at all scales [, with typical life times ¢ varying as ff ~
where H is 2 measure of the scaling anisotropy between space and time.




FRACTAL ANALYSIS OF THE SPATIAL DISTRIBUTION OF SOURCE
BASINS WITHIN THE CATCHMENT :

R.Moussa (1), M.G. Tournoud (2) and C. Bocquillon (2)

(1) Instiut National de la Recherche Agronomique, U.R. Science du Sol, 2 Pl. Viala,
34060 Montpellier Cedex 1, France, (2) Laboratoire 'Géofluides Bassins Eau’,
Université Montpellier II, Pl. E. Bataillon, 34095 Montpellier Cedex 5, France.

The most common approach to extract the channel network from Digital Elevation
Models, is to specify a threshold area, S, which is the minimum area required to
drain to a point within which a channel forms. It is recognized that different
threshold areas will result in substantially different ¢hanne! networks for the same
basin. This paper studies the effects of S, which is also the scale of observation, on
scaling and morphometric properties such as the number of sources and the areas of
source basins and lateral basins. Twelve basins located in southern France and
having their outlet in the Mediterranean sea were extensively studied. The results
indicate that morphometric properties vary considerably with S, and that the spatial

distribution of source basins can be considered as a fractal Sierpinski space. A’

simple modet based on the procedure similar to the Sierpinski carpet construction is
proposed to explain empirical relations between the number of source areas and the
threshold, S. The mode! presents a new approach to estimate basin fractal properties
and defines new indices to characterize the spatial distribution of first order basins.
This methodology is useful for hydrologists and geomorphologists dealing with
river networks and spatial patterns of various basin properties such as vegetation,
soil, soil moisture and human activities. -

MULTIFRACTAL ANALYSIS AND EXTREMES OF DAILY
RIVER FLOW SERIES FOR BASINS FIVE TO TWO MILLION
SQUARE KILOMETERS -

G. Pandey (1), S. Lovejoy (2) and D. Schertzer (3)

(1) Scripps Institution of Oceanography, University of California, San Diego,
9500 Gilman Dr. La Jolla CA 92093-0224, (2) Physics department,; McGill Uni-
versity, 3600 University, Montreal Que, H3A 2T8 Canada, (3) Laboratoire de
Modelisation en Mecanique (CNRS UMR 7607) case 162 Universite P. et M.
Curie, 4, place Jussieu, F-75252 Paris cedex 05.

schertzelccr. jussieu.fr . .

Daily operational river flow data from twenty river basins from the continental
USA with sizes varying from 5 to 1.8X108%m? and durations up to 80 years,
were analyzed to deter mine the limits and types of scaling. Although no outer
limit to the scaling was found there is a break in the scaling regime at about
one to two week time period. This is in a greement with other scaling studies
of rain, river flows, temperature and topography and corresponds to the "syn-
optic maximum” -typical life time of planetary scale disturbances. Despite the
varying basin areas and series length, the estimated multifractal parame ters
characterizing the infinite hierarchy of scaling exponents as well as the expo-
nents characterizing the extreme self organized critical events, were consistent
and close to the river basins from France. We used those critical exponents
to theoretically determine the ‘accumulated volume as a function of interval
duration. We compared the multifractal and standard treatment of extremes
showing that the multifractal treatment is quite superior.
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MULTIFRACTAL .ANALYSIS OF DAILY RAINFALL DATA

F. Schmitt (Institut Royal Météorologique, Sect. Climatologie Dynamique, 3
avenue circulaire, B-1180 Bruxelles)

A spectral analysis of high resolution rainfall data usually shows roughly two
different regimes: a 1/ f? spectrum for time scales smaller than several days, and 2
nearly flat spectrum for scales from days to years. We focus here on the latter
scales. Using wavelets for the scale degradation, we show that at these scales the
rain field can be modeled with multifractals: because of the white spectrum and the
non-Gaussian statistics, these can be called “white multifractals”. We estimate
several parameters in the universal multifractal framework, using daily rainfall data
tecorded in more than 100 stations in Belgium since 1951. :

Using the latter parameters, we then simulate rainfall time series having the
same statistics (and dynamics) as the data. This may be used as input to
hydrological models.

SELF-SIMILARITY AND MULTIFRACTALITY OF RIVER PRO-
FILES .

D. Veneziano, LD, Niemann, and R.L. Bras
Dept. of Civil and Environmental Engineering, MIT, Cambridge, MA, USA
venezian@mit.edw/Fax: +617-253-6044

DEM data analysis reveals two statistical scaling properties of river profiles. Let
Ah(A, AL) be the elevation difference betweén the section that drains area A and the
section downstream at distance AL. A first scaling property, of the self-similar (ss)
type, holds between elevation drops at different locations along the river. One finds
that, with good approximation, Ah(A, AL) =¢ r* Ah(rA, r*?AL) forany r > 0. A
second scaling property applies locally, to elevation drops from any given section to
sections downstream at different distances AL. This second property is of the
multifractal (mf) type: for any r2 1, Ah(A, AL) =* W, Ah(A, AL/), where W, is a
random variable. For the profiles we have analyzed, H is zero or slightly positive and
W, has a distribution that is close to either a log-Levy variable with low o or the

~ product of a Benoulli and a lognormal variable, the latter with small variance. Both

mf models are consistent with a “pool-riffle” morphology. The ss and mf properties
are unrelated (a river profile may be ss but not mf, or mf but not ss). In some river
profiles, H or the distribution of W, vary somewhat with contributing area A. We
show that ss is a property of equilibrium topographies generated by various fluvial
erosion models, whereas mf may originate from multifractality of the geologic
stratification or the riverbed erosion/deposition/transport processes. Finally, we
develop coupled models of the drainage area and river profile processes {A(L), (L)}
that satisfy both global self-similarity and local multifractality.

Use of Magnetic S
in the Tagus estuary

ptibility Methods for the identification of Tsunami deposits

Andrade, C. (1); Miranda. J. M.(2); Freitas, M.C.(1); Baptista, M.A(3): Cachco,
M.(1); Munha, J.M. (1) & Silva, P. (2) ’

I Departamento de Geologia da UL

2 Centro de Geofmsicada UL .

3 Instituto Superior d¢ Engenharia de Lisboa

The Tagus estuary is located in the Portuguese western coast near the city of Lisbon
and covers an area of approximately 320 km2. It is a high mesotidal that has been
subject to several large tsunami invasions in the past, particularly at 1755 and 1531.In
order to identify the sedimentary signature of the tsunami waves. the record of
longer-term environmental changes of the Tagus salt marshes was studied, using
environmentally-sensitive proxies to identify subtle changes of salinity, depth and
temperature during the last 500 years. The analysis of vertical concentration profiles
of no hropogenic el indicates relatively homogeneous concentrations, in
accordance with the dominant silty to clayey composition of the sediments. However,
significant variations were detected for the K/Rb, La’Sm and Hf/Ta elemental ratios.
probably representing variations of the sediment source. The major compositional
breaks detected in the vertical profiles of these elemental pairs show some correlation
with the nannoplankton vertical profiles of taxa diversity and abundance suggesting
that the relative contribution of marine water also changed through time. An attempt

to refine the interpretation was made, using magnetic susceptibility methods. A very’

detailed study of two cores taken from the estuary was made, revealing that the
existence of two sediment lavers, characterised by two maxima of the bulk
susceptibility, clearly correlated with the geochemical and nannoplankton profiles. that
were probably generated by 1755 and 1531 (AC) tsunami waves.
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A THERMODYNAMICS OF FRACTALS BASED ON WAVELET
ANALYSIS: APPLICATIONS TO. ROUGH SURFACES AND
SATELLITE IMAGES OF FRACTAL CLOUDS.

A. Arneodo

Centre de Recherche Paul Pascal. CNRS. Avenue Schweitzer. 33600 Pessac,
France. )

We elaborate on a unified multifractal description of (2D) singular distri-
butions, including measures and functions, based ou the continuous wavelet
transform. This new approach relies upon the definition of partition functions
from the wavelet transform modulus niaxima. We demonstrate that very much
like thermodynamic functions. the generalized fractal dimensions D, and the
f(ey) singularity spectrum can be readily determined from the scaling behavior
of these partition functions. We show that this method provides a natural
generalization of the classical box-counting techniques to fractal functions
(e, the image of rongh surfaces), the wavelets playing the role of “generalized
oscillating hoxes”, We illustrate our theoretical considerations on pedagogical
examples inchuding (monofractal) fractional Brownian surfaces and mulri-
fractal counterparts obtained by low-pass power-low ﬁllturing' (fractionally
integrating) 2D multiplicative cascades. Then, we use this methodology to
compare the multifractal properties of measured and simulated radiance felds
for stratoeumulus clouds at 30 m resolution in the solar (reflected) part of the
electromagnetic spectrum,

MATCHED VARIABILITY OF THE TEMPORAL STRUCTURE OF THE
GEODYNAMICAL AND GEOPHYSICAL CHARACTERISTICS

Nataly M. Astafveva (Spase Research Institute. Profsoyuznaya,
84 32, 117810 Moscow. Russia. ast@ iki.rssi.ru)

Atmosphere, hydrosphere and lithosphere of the Earth organize the complex
multiparametrical planetary system under the outside world nfluence (solar radiation.
lunar tide...). Investigation of the natural (geodyn.and geophys.) longtime series give
the evidence of matched temporal structure of suitable processes. For example the
variations of angular momentum of planet or length of day are not only under the
influence of the orbital parameters, but under the action of global atmosphere and
world ocean circulations. The result of nonlinear interaction in the ocean-atmosphere
system powerfully depends on the continuously changing conditions: thus. rapid
random fluctuations of meteoparameters interact with SO in a different manner at the
El Nino or La Nina phase SO or at the different seasons of the year. We pay special
attention to investigation of irregular structure in the range from 40 to 100 days.

SCALING PROPERTIES OF THE SURFACE CHLOROPHYLL FIELD IN
THE NORTHERN ADRIATIC

Fabio Benvenuto**, Alessandro Marani** and Mira Morovi!*

**Dipartimento di Scienze Ambientali, DD. 2137, 130123 VENEZIA (ltalia).
fabiob@unive.it . marani@unive.it

*Institute of Oceanography and Fisheries, P.O.Box 500, 58000 Split, CROATIA.
e-mail: morovic(@jadran.izor.hr

_In order 1o study spatial structures of two dimensional fields of surface chlorophy!l in
the Northern Adriatic sea, scaling analysis of chlorophyll satellite images was
performed. The Nimbus-7 images processed for chlorophyll with (JRC-ESA
algorithm) cover the area between Po river delta and the Istra peninsula and contain
100x100 pixels with a resolution of 1000 m. An empirical investigation of the scaling
laws through R/S analysis was done over the available space scales considering zonal
rows and vertical columns. The satellite data were transformed into matrices {Cij} (i.
j=lL,..., 100) representing the surface chlorophyll with index i oriented along parallels
toward the east and j along meridians toward south. The preliminary results indicate
that the Hurst exponent is larger, and, consequently, the fractal dimension is lower for
winter images than for other seasons. This is possibly due to the combined eftects of
a varying sea productivity and of changes in the circulati! on. This also indicates that
temnperature changes are not the main factor controlling primary productivity in the
Northern Adriatic Sea. The role of the nutrient discharged by the PO river is unclear
and is to be addressed in future studies using multichanel images at higher resolution.
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TIDAL INTERNAL WAVES IN THE TROPICAL ATLANTIC:
NONSPECTRAL AND SPECTRAL APPROACHES

Vladimir A. Borovikov (1). Vitaly V, Bulatov (1). and Eugene G. Morozov (2)

(1) Institute for Problems in Mechanics. Russian Academy of Sciences Pr.
Vernadskogo 101, 117526, Moscow, Russia

(2) P. Shirshov Institute of Oceanology, Russian Academy of Sciences. 36
Nakhimovsky st., 117218. Moscow, Russia.

A method is described for analyzing oceanic fields to determine the velocity and
direction of flat wave packets comprising the tidal internal wave field. The wave field
is presented as the sum of plane waves each characterized by specific velocity and
direction of propagation. A new method to study wave packets is suggested based on
wavelet transform. Some numerical results are presented for investigating tidal internal
waves on the basis of temperature measurements at 200 m level obtained from S0
moored buoys in the tropical Atlantic. Generation of waves is caused by tidal currents
flowing over uneven bottom topography. Characteristics of tidal internal waves
measured in the experiment are discussed. The wave length is equal to 60 km while the
direction remains quasi-stationary,

Cloud scaling properties and cloud parameterization in the ECMWF Forecast
Model.

R. F. Cahalan

NASA’Goddard, Greenbelt, MD 20771 USA

J. J. Morcrette, European Centre for Medium-Range Weather Forecasting. Shinfield
Park, Reading, England

Cloud liquid and cloud fraction variability is studied as a function of horizontal scale
in the ECMWF forecast model during several 10-day runs at the highest available
model resolution, which is presently improving from 60 km (T213) down to 20 km
(T600). At these higher resolutions, model plane-parallel albedo biases are reduced, so
that models may be tuned to have larger, and more realistic, cloud liquid water
amounts. However, the distribution of cloud liquid -within- each gridbox depends on
ad hoc asssumptions of cloud 'overlap’ which are not necessarily consistent with
observed scaling properties, or even with scaling properties produced by the model at
larger scales. To study the larger-scale cloud properties, ten locations on the Earth are
chosen to coincide with locations having considerable surface data available for
validation, and representing a variety of climatic regimes. Scaling exponents are
determined from a range of scales down to model resolution, and are re-computed
every three hours. separately for low, medium and high clouds, as well as
column-integrated cloudiness. Cloud variability fluctuates in time, due to diumnal,
synoptic and other processes, but scaling exponents are found to be relatively stable,
Various approaches are considered for applying computed cloud scaling to subgrid
cloud distributions, beyond simple random or maximal overlap now in common use.
Considerably more work is needed to compare model cloud scaling with observations,
and this will be aided by not only by increased availability of high-resolution surface.
aircraft and satellite data. but also by the increasing resolution of global models.

TURBULENCE MEASUREMENTS IN THE NEIGHBOROOHD
OF A STRONG VORTEX

F. Chilla and J.-F. Pinton
Laboratoire de Physique, Ecole Normale Supérieure, F-69007 Lyon.

Whereas most of the measurement and modeling of the energy transfers in
turbulence have been done in homogenenous and isotropic geometries, most real
flows are strongly inhomogeneous and anistropic. Atmospheric ones certainly
are. with large scales structures in the form of larges eddies being commonly
generated (tornados, hurricanes, etc.). To help describe these situations. we
have studied in the laboratory the closed flow produced in the gap between
two corotating disks. In this geometry, a very intense axial vortex is formed.
When both disks rotate at the same rate it is stable while it undergoes violent
bursting when the disks angular speeds are too different. In both cases. we
have performed local velocity measurements at variable distances from the
vortex structure and studied how the turbulence characteristics at small scales
are influenced. We find that the velocity power spectra show a u?(k) x k=%
scaling region , with a varying continuoulsy with the distance to the vortex
core: starting at traditional @ = 5/3 values away from the vortex it reaches
o = 2.8 near the stable vortex , or @ = 1.2 in the unstable regime. Similarly.
the intermittency (described via the structure function exponents) change with
the distance to the vortex and with the flow regime. The fact that the energy
transfers and the intermittency characteristics are a function of the geometry
and temporal dynamics of the larges scales of the flow is of importance in
regards to the theoretical and numerical modeling of real turbulent flows.



NONLINEARITIES OF 3D RADIATIVE TRANSFER,
ILLUSTRATED WITH BOUNDARY-LAYER CLOUDS

m,f A. Marshak,§ R. F. Cahalan,§ and W. J. Wiscombe$

Los Alamos National Laboratory, Astrophysics & Radiation Measurements Group
(NIS-2), PO Box 1663 (MS C~323), Los Alamos, NM 875435, USA.

§ NASA's Goddard Space Flight Center, Climate & Radiation Branch (Code 913),
Greenbelt, Md 20771, USA.

E-mail: adavis@lanl.gov

Radiative transfer —a k.a. linear transport theory— is trivially linear with respect to
the source term but fundamentally nonlinear in every other respect due to the
multiplicative coupling between local scattering/absorption coefficients and radiance.
Nonlinearity is stronger when multiple scattering dominates photon transport, as is
the case in boundary-layer cloud systems. We survey a hierarchy of old and new
approaches to radiation transport in finite variable optical media modeling cloud
systems, broken or not, with an emphasis on treatment of nonlinearity. Ordered by
increasing level of flexibility in variability model and/or numerical accuracy, we have:
« standard plane-parallel cloud models, allowing at best a vertical stratification;

« popular linear combinations of the above, according to “cloudy:clear” fractions;

« “stochastic™ radiative transfer in binary mixtures, using simple closure schemes;

« nonlincar averaging procedure in the Independent Pixel Approximation (IPA):

« smoothing the IPAfield in the Nonlocal [ndependent Pixel Approximation (NIPA),
« 3D photon-diffusion theory, (almost) analogous to flow in a porous medium;

« numerical 3D radiative transfer, using Monte Carlo and grid-based methods.

To date, only the first two entries have been applied operationally, mostly in remote-
sensing and energy-budget applications respectively. We present in closed form a new
result for general 3D diffusion theory that underscores the nonlinear coupling at hand.
It relates the systematic bias in albedo caused by variability to the spatial correlations
in the extinction field and vertical component of the radiative flux-vector field.

ANALYSIS OF RADIOBRIGHTNESS TEMPERATURE FIELD OVER
TROPICAL CYCLONE

N.S.Erokhin (1), S.S.Moiseev (1), A.A.Lazarev (1), M.L.Mityagira (1) and
B.Z.Petrenko (2)

(1) Space Research Institute of RAS, Profsouznaya Str.84/32, 117810 Moscow. Russia
(2) Institute of Radio Engineering and Electronics, Mokhovaya 11, 103907 Moscow,
Russia :

It is described the results of data processing for radiobrightness temperature fields over
tropical cyclone at the square of (1000 x 1000) km. The correlation function. scaling
-exponents and singularities spectrum are calculated. A some pecularity of structural
functions (SF) usage to analysis of radiobrightness temperature fields are discussed
and the analytical approximation of SF dependences is given. The existence of inertial
range with the power law spectrum is shown. The comparison with scaling of
background fields ( outside typhoons ) is made. :

UNIVERSAL MULFIFRACTAL ANALYSIS OF GROUND LEVEL
PARTICLE DISTRIBUTIONS FROM EXTENDED AIR SHOW-
ERS

E. Faleiro (1) and J.M.G. Gomez (2)

(1) Dpto F.A.LS.E.U.LT.Industrial. Universidad Politecnica de Madrid.
(2) Dpto de Fisica Atomica y Nuclear. Facultad de Fisicas. Universidad Com-
plutense de Madrid.

efaleiroOfais.upm.es

High-energy interactions of gammas and protons with the earth atmosphere
have been simulated by means of the CORSIKA-4.30 Monte Carlo code, and the
secondary-particle density distributions in the resulting Extended Air Shower.
at ground level. have been studied. The fluctuations seen in these distributions
show - after that a deconvolution from a white noise component is performed -
features typical of a 1/f noise. The sample is then analyzed in order to study its
scaling behaviour, which is eventually parametrized by meaus of an Universal
Multifractal approach.

DESCRIPTION OF NONLINEAR TRIAD INTERACTIONS IN
FLUID DYNAMICS USING TRILINEAR COORDINATES

Aimé Fournier
National Center for Atmospheric Research, Boulder, CO USA 80307-3000.
fournierQucar.edu/Fax: [+1] 303 497 1700

Traditionally the nonlinear transfer of kinetic energy between orthogonal modes
in fluid dynamics has been described by a kind of convolution of Fourier coeffi-
cients, known as “triad interaction’, Timn. Ttiad interaction between wavenum-
bers n, m and { is known to be constrained by a ‘detailed conservation’ theorem:

Tlmu + Tmnl + Tnlm =0.

There have been few applications of triads to observed geophysical flows. Re-
cently lima and Toh have generalized the triad description, in the case of in-
compressible flow, from Fourier to arbitrary orthogonal decompositions.

This presentation will introduce the use of ‘trilinear coordinates’

Timn = —y. _ 11
Tinn: = 'Z'y‘ (y+31%2), = 373 (Tt ~ Tatm).
Tum= 271 (y—gv).  ¥F “Time

to depict in two dimensions (r, y). triad interactions between three modes. Ex-
amiples will be presented of triad interactions between orthonormal wavelet
modes. computed from NMC-analyzed atmospheric winds during blocked and
zonal climate states, and compared with Fourier results.

SPECTRAL ANALYSIS OF RADIATIVE FLUX OF HETEROGENEOUS
CLOUDS

B. Guillemet, H.Isaka. F.Szczap
LAMP. Université Blaise-Pascal. 24 avenue des Landais, 63177 Aubizre Cedex. France

Cahalan et al. (1994) proposed the Independent Pixel Approximation to realise a fast
estimation of area-averaged radiative fluxes of inhomogeneous clouds. The basic idea of
the nonlocal Independent Pixel Approximation proposed by Marshak et al. (1996) is
quite similar to that of the [PA, except that the NIPA may be applied to a horizontal
scale of averaging comparable to the mean free path of photons. From the point of view
of spectral analysis, the estimation of area-averaged radiative fluxes based on the IPA
and NIPA is justified by radiative filtering of the IPA radiative fluxes at a horizontal
scale comparable to the mean free path of photons. This implies a break in the spectral
slope of spectra computed from the fluctuations of reflectance of heterogeneous ciouds.

_ The present study aims to study spectral characteristics of the reflectance, transmittance

and absorptance of absorbing heterogeneous clouds for different incidence angles of
radiation. [t is revealed that spectral characteristics of the radiative fluxes are
significantly influenced by the single scattering albedo as well as by the incidence angle
of radiation. If the radiative filtering dominates at horizontal scale smaller than the mean
free path of photons, there is a re-distribution of filtered energy at horizontal scales
slightly larger than this mean free path. This re-distribution phenomenon becomes more
important as the single scattering albedo decreases, which implies that the spectral
slope of reflectance spectra of heterogenzeous clouds differs significantly from that of the
IPA. Another important point concerns the phase shift between the reflectance and
‘transmittance. These spectral behaviours of radiative fluxes result from the difference of
cloud heterogeneity effects on the scattering and absorption.

MULTIFRACTAL AND CHAOTIC -
ANALYSIS OF ATMOSPHERIC TIME SERIES

K. Ivanova

Laboratore de Télécommunications et Télédétection, Université Catholique de
Louvain, Place du Levant, 2, B-1348 Louvain-la-Neuve, Belgium .
kristyQtele.ucl.ac.be

The aim of this study is to provide a complete characterization of the integrated
reflectivity. liquid water content (LWC) and water vapor content of stratocu-
mulus clouds and as a result to possibly reveal some of the peculiarities of
their internal structure. A recently proposed multifractal approach [1] is em-
ploved for analysis of the real world atmospheric data. The approach is based
on the nonlinearity found in natural phenomena and includes an estimation of
nonstationarity and intermittency of the fields. The scale invariant properties
are revealed by studying the structure functions of arbitrary order whereas
the degree of intermittency is evaluated by singular measures analysis. The
results are summarized on a ‘bifractal plane’. The LWC data parametrization
is in good agreement with the previously reported results [1]. To investigate a
possible chaotic behavior the following standard test steps are performed: 1)
phase-space reconstruction of the time series using the time delay approach; a
first minimum position of the autocovariance function is taken into account;
2) determination of minimal embedding dimension via correlation dimension
stabilization.

References [1.] Davis A., A. Marshak, W. Wiscombe, R: Cahalan, J. Geophys.
Research,99, D4, 8035 (1994).
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UNSTABLE PERIODIC ORBITS AND ATTRACTORS OF NON-
LINEAR DYNAMICAL MODELS.

E. Kazantsev .
Projet NUMATH, INRIA-Lorraine, 615, rue du Jardin Botanique, BP101,
54602, Villers-18s-Nancy, France.

kazanCloria.fr

Numerical method for detection of unstable periodic orbits on attractors of
nonlinear dynamical systems is proposed. This method requires the similar
techniques as the data assimilation does. This fact facilitates its implementation
for geophysical models. ’

Some low-period orbits of the Lorenz model and the barotropic ocean model
have been calculated explicitely. The orbits encoding and application of sym-
bolic dynamics is used to classify and identify the detected orbits and find the
whole set of fundamental cycles. Application of the cycle expansion theory to
the fundamental cycles set allows to approximate some attractor characteristics
difficult to calculate directly.

QUANTIFICATION OF MULTIFRACTAL DIFFUSION

C. Margyerit!. D. Schertzer! and S. Lovejoy2

1 Laboratoire de Modelisation en Mecanique, CNRS UMR 7607, Université Paris
6, Case 162, 4 place Jussieu, 75252 Paris cedex 05, France
margueri @lmm jussieu.fr - schertze @ Imm.jussieu.fr

2 McGill University, 3600 University Street, Montreal, Quebec. H3A 2T8, Canada
lovejoy @physics.mcgill.ca

Diffusion is one of the key-mechanism in geophysics (pollutant dispersion, radiative
transfer....) as well as for their interaction with biology (predator-prey systems).
Geophysical media being extremely inhomogenous, we consider diffusion in
multifractal media. :
We first recall the limitation of classical methods based on the scaling law of r.m.s
distance traveled by particles, as well as the drastic difference between physical time
and the number of steps. Indeed. we showed that the exponent of the former misses
the anomalousity of the diffusion, with the only exception of monodimensional
tnedia, whereas the exporent of the latter is rather spurious.

We show that the anomalousity of the walk can be multifractaly quantified with the
help of the hierarchy of the trace-moments of the walks. We test these observables
on numerical simulations. '

ONE POSSIBLE MECHANISM OF ELECTRIC FIELD SCALING
IN A THUNDERSTORM CELL

E.A.Mareev (1), A.E.Sorokin (2) and V.Yu.Trakhtengerts (3}

(1) . (2), (3) Institute of Applied Physics Russian Academy of Science, 603600.
Russia. Nyzhni Novgorod, Ul'anova str., 46.

and@appl.sci.nnov.ru/Fax: 8312 362061

It is well known that the large scale electric field and space charge are forming
in thunderstorms. But the origin of small stratification is purely investigated
now. To understand it, we take into account that charge tranfered per collision
(between hydrometeor and small water drop, e.g.) depends on external elec-
tric field. charges on the particles and their velocities. We have designed the
system of equations which is composed of hydrodynamic equations. movement
and Poisson one. Such a forth flow system (large and small cloud particles and
ions) has been investigated and examined in thunderstorm cell. The specific flow
instability - charging instability, connected with charge transfer mechanism (in-
ductive or noninductive) has been investigated. We have obtained increments
and characteristic wave numbers for this unstable waves for the initial. devel-
opment and dissipation stages of the thunderstorm cell. Our results are in a
good agreement with the data of electric field soundings in storms {Marshall
and Rust, Saunders). According this data. there are many of the small scals
field and charge variations on the background of large srale ~ 800 — 2500 me-
ters field. The magnitude of the first one can increase the breakdown field. And
in this case charging instability can play the principal role in the formation of
compact discharge cells (~ 30 - 150 meters ) in the thunderstorm cloud.
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EXPERIMENTAL MHD STUDY OF A LIQUIDE GALLIUM
FLOW AT MODERATE MAGNETIC REYNOLDS NUMBERS

P. Odier (1). J.-F. Pinton (1) and S. Fauve (2)
(1) Laboratoire de Physique, Ecole Normale Supérieure, F-69007 Lyon, (2) Lab-
oratoire de Physique Statistique, Ecole Normale Supérieure, F-75005 Paris.

We study the statistical properties of magnetic field fluctuations generated. in
the presence of an externally imposed field, by a swirling flow of liquid Gallium.
The flow is produced in the gap between two coaxial counter rotating disks.
Kinetic Reynodls numbers R, = 107 and magnetic Reynolds numbers up to
R, = 15 are reached. The imposed magnetic field By is weak and Lorents forces
do not react unto the flow. The magnetic fluctuations b are measured inside the
flow using a local Hall effect probe. Its power spectra display a b°(k) x k=1!/3
scaling region. as can be predicted from Kolmogorov's turbulence model. We
also observe that the dissipative scale for the magnetic fluctuations is much
smaller than that of the velocity fluctuations. in agteement with the very small
value of the magnetic Prandt! number of liquid metals. As a result the dynamics
of the magnetic field is concentrated in the large scales of the flow. For a given
value and orientation of By, we have measured the mean value < b > of the field
induced by the (large scale) velocity gradients in the flow. At small R, one finds
< b> /By x Ry as is well known. For higher values of the magnetic Reynolds
number, we have observed non linear effects whith < & > /By growing as
R}.. luterpolation of these measutements predict a critical magnetic' Reynolds
number R,, ~ 30 for the onset of dynamo action in this fAow. -

GENERATION OF HETEROGENEOUS CLOUDS BASED ON
MORPHOLOGICAL ANALYSIS AND THEIR EFFECTIVE RADIATIVE
PROPERTIES

R. Pejoux, F.Szezap, H. Isaka
LAMP, Université Blaise-Pascal, 24 avenue des Landais, 63177 Aubiére Cedex, France

Most of recent studies on radiative properties of inhomogeneous clouds are based on the
inhomogeneous clouds generated with the bounded cascade model proposed by Cahalan
et al. (1994) and Marshak et al. (1994). In spite of the fact that the bounded cascade
model can duplicate some statistical characteristics of natural inhomogeneous clouds, it
has a drawback to generate clouds whose heterogeneity at large horizontal scale is
conditioned entirely by first steps of cascades. So, there is a need to develop methods
without such drawback, which may generate heterogeneous clouds having the same
characteristics as those observed of natural clouds.

In this paper, we develop a method of heterogeneous cloud generation based on the
morphological analysis. This method can generate horizontal fluctuations having the
almost same density probability function and spectral slope. Furthermore, the generated
heterogeneity has the same morphological spectra as the original fluctuations. We
tested the method for various types of fluctuations, in particular those generated with
the bounded cascade model.

The radiative properties of heterogeneous clouds generated with this method are
compared with those determined for the bounded cascade heterogeneous clouds. This
comparison shows these two types of clouds have the same area-averaged radiative
properties. Based on these results, we discuss effects of cloud heterogeneity of different
types on the area-averaged radiative properties and try to define heterogeneity parameters
pertinent to the radiative transfer in heterogeneous clouds.

SCALING OF THE NATURAL VARIABILITY OF THE
ATMOSPHERE-OCEAN SYSTEM

J.D. Pelletier
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA.
jon@gps.caltech.edu/Fax: 626-585-1917

We present the power spectra of instrumental temperature datafrom the Global
Summary of day database from time scales of 1 day to 100 years. Maritime sta-
tions exhibit power spectra proportional to f -1, Continental stations exhibit
a £~} spectrum up to frequencies of f =1/(1 month) and a £~} spectrum at
higher frequencies. We interpret these observations in terms of the turbulent
diffusion of heat energy vertically in the atmosphere and ocean. A stochas-
tic term is included to model convective instabilities in the atmosphere that
randomly advect heat up or down in the atmosphere. The difference between
maritime and continental stations results from the coupling of maritime air
masses to both the atmosphere above and the ocean below while continental
air masses couple only to the atmosphere above with the land acting as an insu-
lating boundary condition. The transition from a continental-type spectrum to
a maritime-type spectrum is investigated by averaging spectra from all stations
in the database in 2°x2° grid squares. Differences in the spectra as a function
of geography and distance from the ocean are investigated. The crossover time
scales from the f’§ toa f'i spectra in continental spectra are used to infer
the geographic variation of time scales of thermal exchange between continental
air masses and oceans.




A NUMERICAL INVESTIGATION OF SOME SCALING PROP-
ERTIES OF ATHMOSPHERIC TURBULENCE

E. Rodichev .

Institute of Mechanics, Moscow State University, Michurinsky prosp.. 1.
Moscow, Russia. ) :
er@sai.msu.su/Fax: +007 095 9328842

The time series representing the velocity components of atmospheric turbulence
has been-processed numerically. Two data sets were used. The first one was
recorded at Zimlyanskaya steppe, over the flat ground. The second data set
‘was recorded in Moscow city, near the big buildings.

The covariances, cross-covariances and power spectrum are presented. The vec-
tor delay reconstruction technique was used for fractal dimension measure-
ments. The numerica! estimation of Levy index also has been performed.

QUASI-SPONTANEOUS VARIATIONS OF PHYSICAL PA-
RAMETERS -

1gor . Rokityansky
Institute of Geophysics. POB-338/7. Kiev-146. Ukraina.

Spontaneous chaotic  fluctuations are inherent for complex nonlinear
unstable dissipative systems especially when spatio- temporal intermit-
tance ot chaos and order occur and the system passes through conse-
quence of biturhations. Prognosis of development for such system is very
ditficult and uncertain. as the system can be influenced by extremely
weak signal. but if the last one is correctly organized it opens the princi-
pal possibility of so called informational correction. management and
control of the system. Speaking about spontaneous variations (SV) of
physical  puarameters we pay also attention to relatively simple systems
(resistor. filament of torsion pendulum. crystal of quartz etc.). for which
we expect stable physical parameters under stabilized external conditions:
temperature., pressure. moisture, EM-radiation ete. But the variations of
physical parameters nevertheless are observed and their spectrum near to
1t law. The synchronism of SV in distant points and correlation with
Solar activity give evidence that the phenomenon is not purely spontane-
ous but rather quasi-spontancous. being induced by some yet not identi-
fied external agent.

MULTIFRACTAL ANALYSIS OF 1D AND 2D CLOUD DATA, THE
“WAVELET TRANSFORM MODULUS MAXIMA” APPROACH

$.Roux,’ R F. Cahalan,* A. Davis.} A. Améodo, J.-F, Muzy,$ and E. Bacryl

TNASA's Goddard Space Flight Center, Climate & Radiation Branch (Code 913),

Greenbelt, Md 20771, USA.

$Los Alamos National Laboratory, Astrophysics & Radiation Measurements Group

gNIS—Z). P.0. Box 1663 (Mail Stop C-323), Los Alamos, NM 87545, USA.
Centre de Recherche Paul Pascal (CNRS), Av. Schweitzer, 33600 Pessac, France.

ICentre de Mathématiques Appliquées, Ecole Polytechnique, 91128 Palaiseau, France.

E-mail: sroux@climate.gsfc.nasa.gov

In physics and applied sciences, one is often faced with the problem of characterizing
very iregular functions. Examples range from plots of various types of random walk
(e.g., Brownian signals) to fi ial or medical time-serics, turbulent signals from
wind-tunnel or atmospheric studies, etc. Wavelet analysis, a general framework for
analyzing signals in space and scale, has been described as a “mathematical
microscope” and is well-adapted to reveal the hierarchy goveming the spatial
distribution of singularities in multifractal measures. The Wavelet Transform
Modulus Maxima (WTMM) method is a more recent development. Itis based on the
continuous wavelet transform and enables us to generalize multifractal formalism to
all types of singular processes, i.c., functions as well as measures. With the
appropriate choice of analyzing wavelet, it includes standard box-counting and
structure-function methods. The WTMM method has been tested on a variety of
pedagogical examples and successfully applied to numerical and experimental data
from various domains: turbulent velocity, DNA sequences, DLA clusters, etc. After
presenting tutorial examples in 1D, we show results for atmospheric liquid water path
(vetricved from passive microwave radiometry at the ARM site in Oklahoma) that
demonstrate its strong multifractality. We also describe a 2D generalization of
WTMM methodotogy and apply it to high-resolution LANDSAT images of clouds.

BEYOND THE MULTIFRACTAL PHENOMENOLOGY OF

GEOPHYSICS: . . .
DYNAMICS AND (REVISITED) RENORMALIZATION

D. Schertzer. M. Larcheveque (Laboratoire de Modefisation en Mecanique, CNRS
UMR 7607, Case 162, Université P.&M. Curie, Paris. Franced Pl Jussieu, 75252
Paris Cedex 05, France; schertze@ccr.jussieu.fr, larchevg@Imm jussieu.fr).

S. Lovejoy (McGill University. 3600 University Street, Montreal, Quebec, H3A
278, Canada: lovejoy @physics.mcgill.ca)

. A large class of multifractal models, often called Fractionally Integrated Fluxes

(FIF) models. had been developed for modeling of geophysical intermittent fields.
Their static version have become rather popular for the last ten years for the
simulation of contaminants, clouds, rain, topography. etc., whereas their dynamic
extension is rather recent. ’

We show that FIF models have a “renormatized viscosity/renormalized forcing”
structure: both terms correspond to the relevant contributions from other scales to
the evolution of a given scale in a renormalisation procedure. However, contrary to a
standard renormalization (DIA, RNG...). the renormalized forcing is far from being
quasi-gaussian and the corresponding models do yield wild probability distributions,
i.e. strong intermittency. .

We therefore revisit renormalization techniques and obtain intermittent models built
dircetly on the structures of the generating equations and not only on their scale
invariance. . ‘

A SCALE-BY-SCALE VALIDATION OF CONTINUOUS
MULTIFRACTAL MODELS IN TURBULENCE

F. Schmitt (Institut Royal Météorologique, Sect. Climatologic Dynamique, 3
avenue circulaire. B-1180 Bruxelles)

We consider two continuous (in scale) cascade models: log-Poisson and log-Lévy.
(a special case of which is the log-normal modet). The usual way to validate cascade
models is 10 estimate {(g) defined as <jaV,[’ >= C . This corresponds first to
estimate some scale invariant function. and then to use it to estimate the parameters

. of cascade models. This is useful to eliminaté e.g. the log-normal model, but not

precise enough to clearly show which one from log-Poisson or log-Lévy models is
closer to data: these two models provide excellent fits of empirical §(q) curves up
to high order of moment (of about 7). )

We therefore propose another approach, which consists in studying the statistics
scale-by-scale: we first estimate the parameters of models at a given scale and then
consider the scale-dependence of these parameters. This procedure-can be done much
more precisely than previously. because it is done for a fixed scale. and no more
needs a straight-line fit in log-log using least square method. This corresponds to
estimate @, (g)=log <|aAV/[' >, the second Laplace characteristic function of the
generator g, = lm_.']AV,| of the velocity shear (it is also called cumulant generating
function). Then we precisely estimate the range of values of ¢ for which log-
Puisson and log-Lévy models are fitting the empirical data: this clearly shows the
validity of the log-Lévy model (with @ =1.520.1) as opposed to the log-Poisson
maodel which hus no scale-invariant parameter, ’

TURBULENCE PARAMETRIZATION USING FRACTAL SYN-
THETIC FIELDS

A. Scotti (1). A. Scotti (1) and C. Meneveau (2}

(1) Woods Hole Oceanographic Institution, Woods Hole. MA, 02536, USA.
(2) Johns Hopkins University, Baltimore. MD 21218, USA.
ascottiOwhoi.edu/Fax: [+1]-508-457-2181 .

Turbulent fields that are encountered in many geophysical applications have
grometric properties that are better described in terms of fractals. This
talk presents a new way to express the subgrid stress tensor that arises in

‘Large Eddy Simulation (LES]) of turbulent flows by means of synthetic fractal

subgrid-scale fields. First. the relevant matematical too! is reviewed. Next. the
model is applied to a simple 1D scenario, Burgers equation with a stocastic
forcing. Then, the extension to the 3D case is derived. which is used to for-
mulate a subgrid closure. The model is applied to both steady and decaying
isotropic turbulence. We find that the assumptiou of fractality per sé is not
enough to yield physically meaningful results, and explore several variants of
the model in which the rules to generate the synthetic field explicitly incorpo-
rate the condition that energy dissipation take place. Good results are obtained
ouly once the fractal dimension is allowed to vary in different eigendirections
of the resolved rate of strain tensor as to (nearly) maximize energy dissipation.
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SELF-ORGANIZED CRITICALITY : A SIGNATURE OF QUAN-
TUMLIKE MECHANICS IN ATMOSPHERIC FLOWS

A.M.Selvam and Suvarna Fadnavis
Indian Institute of Tropical Meteorology, Pune 411 008 ,India.
selvam@tropmet.ernet.in

The spontaneous organization of selfsimilar (fractal) space-time fluctuation pat-
terns generic to dynamical systems in nature is identified as self-organized
criticality(Bak et.al.1988: Phys.Rev.A.38,364). Atmospheric flows exhibit self-
* organized criticality manifested as the fractal geometry to the global cloud
cover pattern concomitant with inverse power law form for power spectra of
temporal fluctuations. Mary Selvam(1990:Can.J.Phys.68,831) and Mary Sel-
vam et.al.(1992:Int’]l J.Climatology 12,137)have proposed a non-deterministic
cell dynamical system model for atmospheric flows which predicts the observed
self-organized criticality as a direct consequence of quantumlike mechanics gov-
erning flow dynamics. The model predictions are as follows.(1)Atmospheric
flows follow an overall logarithmic spiral trajectory with the quasiperiodic
Penrose tiling pattern for the internal structure.(2)Traditional power spectral
analyses of such spiral flow structures will reveal a continuum of eddies with
embedded dominant wavebands.(3)The power spectra follow the universal in-
verse powerlaw form of the statistical normal distribution,thereby providing
unique quantification for observed self-organised criticality. (4)Climate change
induced by man-made greenhouse gas related atmospheric warming will result
in intensification of fluctuations of all scales seen immediately in high frequency
fluctuations.

TIDALLY INDUCED HETEROGENEITY IN DIFFERENT
HYDRODYNAMIC CONDITIONS: A MULTIFRACTAL ANALYSIS

L. Seuront (Station Marine, ERS 395, BP 80, 62930 Wimereux, France)
F. Schmitt (Institut Royal Météorologique de Bruxellcs, Belgium)

V. Gentilhomme (Station Marine) and Y. Lagadeuc (Station Marine)

D. Schertzer (Laboratoire de Modélisation en Mécanique, Paris, Francc)

The multifractal properties of temperature, salinity, in vivo fluorescence (i.c.
estimate of phytoplankton biomass) and nutrient concentration recorded for time
scale of 1 sec to I hr were investigated in different hydrodynamical regimes related
to tidal forcing. Power spectrum and probability distribution analyses indicate that
ternperature, salinity and nitrites fields are scaling over the whole range of scales
whereas the temporal scaling regime was approximately 1-25 sec for the
fluorescence field, and that the whole data were hyperbolically intermittent. The
analyses of statistical moments show that variability of these different parameters
were well characterized by a multiscaling behavior for low order moments.
Morcover, the characteristic spectral exponent G, the first order scaling exponent of
the structure functions {(1) = H, as well as the basic universal multifractal
parameter C, determined using the Double Trace Moment analysis technique
clearly showed a tidal variability. These results showed that the structuration of
temperature, salinity. phytoplankton biomass and nutrient concentration can then
be viewed as the result of multiplicative processes, wholly dependent on the
hydrodynamical conditions associated with tidal cycle.

MULTIFRACTAL ANALYSIS OF CLOUDS FROM 5000KM TO
50CM AND THE DEMISE OF THE MESOSCALE GAP

D. Stanway, S. Lovejoy, J. (Department of Physics, McGill University, 3600
University St., Montreal, Quebec, Canada, H3A 2T8)

D. Schertzer (L.M.M./C.N.R.S., BP 162, Université Pierre et Marie Curie, 4 Place
Jussieu F-75252 Paris Cedex 05, France)

The standard mode! of the atmosphere assumes that the small and large scales
are isotropic homogeneous 3-D and 2-D turbulences respectively, with these two
qualitatively different regimes seperated by a meso-scale "gap" in the spectrum at
scales of roughly 10km (the vertical pressure scale). Identifying the 2-D turbulence
part with the "weather" is the classical justification for the lack of explicit treatment
of subgrid processes in numerical weather models. We analyzed over a thousand
visible and infra red images from geos!anonary (GMS), polar orbumg (NOAA 12,
14, SPOT) satellites as well as ground based images (roughly 100 times more data
than that used on any comparable study) to study the scaling properties of clouds
over the range 5000km to =50cm. As predicted by the unified scaling model, the
radiance fields are indeed very close to what is expected for universal multifractals. In
the latter, the infinite hierarchy of exponents (e.g. dimensions/codimensions) is
described by only three universal exponents (H, Cy, @): the nonconservation
exponent (H) of the mean field; the mean singularity (Cy) and (Levy) index of
multifractality. The clustering over the values of Cj, & near C}=0.075, o=1.88
indicates that the probability distributions/statistical moments of the generator have
nearly identical scaling properties over the range 1-5000km. Finally, we compare
these results with those of ground based photography, which agmn shows
quantitatively similar scaling.
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NONDIFFUSIVE SCATTERING STATISTICS IN UNIVERSAL
MULTIFRACTAL CLOUDS:

B. Watson, (Department of Physics, St. Lawrence University, New York),

S. Lovejoy, (Department of Physics, McGill University, 3600 University St.,
Montreal, Quebec, Canada, H3A 2T8)

D. Schertzer (L.M.MJ/C.N.R.S., BP 162, Université Pierre et Marie Curie, 4 Place
Jussieu F-75252 Paris Cedex 05, France)

Recently, we developed a multifractal scattering formalism for radiative
transfer in multifractal clouds in which the (nondimensional) extinction coefficient x
takes the place of the scaling parameter A. This allowed us to renormalize the

”, =t
multifractal cloud defining an “effective” extinction coefficient K, = xl-Fens,
(Note, K'(0)<0; K(q) is the moment scaling exponent for cloud density); this result
requires only analyticity at q=0.

We have now extended this to certain nonanalytic cases (with exponent of
nonalayticity 1Sa<2; corresponding to universal multifractals), obtaining

a
Kt = (log X)2. Due to large "Levy holes”, photons travel extremely far - even in

clouds which are on average very optically thick. The nondiffusive nature of this
scattering can be quantified by comparing the most probable distance with the

R.MLS. distance; these quantities are nearly equal in thick clouds with analytic K(q)

~(1+Cy fa-1) !

at =0, but in these universal multifractal clouds, they vary as K and

a
(log K) 2 respectively. Note that these occasional long distance scatters will - in
the presence of water vapour - significantly contribute to anomalous cloud
absorption.

A METHOD TO IDENTIFY MORPHOLOGY AND SPATIAL SCALE OF
CLOUD SYSTEMS USING FRACTAL BOX-COUNTING DIMENSIONS

L. M. Véspoli de Carvatho (Dept. of Atmospheric Sciences, USP. Brazil)
M. A. F. Silva Dias (Dept. of Atmospheric Sciences, USP, Brazil)
L. A. Toledo Machado (Aeronautical and Space Institute, CTA, Brazil)

Mesoscale cloud systems are followed in satellite infrared images during their life
cycle over the equatorial Pacific Ocean. Using a technique of cloud classification
based on IR and VIS radiance, convective tops are separated from thick anvil. Box-
counting dimension (Db), graph dimension (Dg) and fraction of clouds (Ac) are
computed for the images of systems and convective tops during their life cycle.
Through the application of Principal Components Analysis using as varfables Ac,
Db, Dg for 216 images, eight patterns of clouds have been separated according to
their spatial scale and morphology defined by multifractal properties. Time
evolution of these patterns are studied for 68 life cycles of cloud sy stems. Frequency
of patterns and how these are related to phase and duration of life cycles are
investigated. Predominance and transition of patterns for anvils and convective tops
are also shown. Time evolution of structural characteristics related to size. intensity
and spatial distrubution of cells are” compared to the observed change in
morphology. It is shown that, in general. patterns of systems and embedded
convective tops are similar, but for most cases convective tops have larger ratio
perimeteriarea.
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SCALING LAWS FOR TROPICAL STORMS AND HURRICANES: A BASIS FOR PREDICTING
PROBABILITY OF LANDFALL WIND SPEED

€.C. Barton, U.S. Geological Survey", 6004% St., South, St. Petersburg, FL 33701, USA; Barton@usgs.gov

Scaling laws are proposed for three phenomena: maximum wind speed of tropical storms (34
to 85 knots), maximum wind and speed of hurricanes (>85 knots), and time interval between
tropical storms and hurricanes. Note that, traditionally, hurricanes have been defined as
storms with wind speeds greater than 64 knots. However, at 85 knots there is an abrupt
change fromone scaling law to another, which is coincident with formation of the hurricane
eye. Therefore, it is proposed that the term hurricane be used only for storms with maximum
wind speeds greater than 85 knots. A fractal scaling law is proposed for the frequency of
maximum wind speed of tropical storms that have made landfall on the Atlantic and Gulf of
Mexico coasts of the U. S. over the past 106 years. An exponential scaling law is proposed
for hurricanes. The time intervals between landfall for tropical storms and hurricanes making
landfall on the Atlantic and Gulf of Mexico coasts of the U. S. over the past 106 years follow
an exponential scaling law. The maximum wind speed frequency distribution of tropical
storms that have made landfall on the Atlantic and Gulf of Mexico coasts of the U. S. follows
a fractal scaling law, N = a(w)?, where N is the k y,aisa w is the
maximumn wind speed, and D is the scaling exponent, ranging from -0.82 to -1.97 depending
on location. This law for wind speed and an exponential law for the time interval between
events are used together to calculate probabilities of future tropical storms of a given
‘maximum wind speed as a function of location. The maximum wind speed frequency
distributions of hurricanes that have made landfall on the Atlantic and Gulf of Mexico coasts
of the U.S. follow an exponential scaling law, N = a(e)™, where N is the cumulative
frequency, a is a constant, w is the naximum wind speed, and b is the scaling exponent,
which ranges from -0.07 to -0.13 depending on location. This exponential law for wind
speed and an exponential law for the time interval between events are used together to
calculate probabilities of future hurricanes of a given maximum wind speed as a function of
location along the Atlantic and Gulf of Mexico coasts of the U.S.
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MONITORING THE REGIONAL AND GLOBAL SEISMICITY BY
NATIONAL/REGIONAL DATA CENTERS

Manfred Baer
Swiss Seismological Service, ETH Zurich
baer@seismo.ifg.ethz.ch

In the European-Mediterranean region, a great number of nation-
al and regional data centers monitor the seismicity with different
goals: such as exact hypocenter location and fault mechanisms,
rapid epicenter and magnitude determination or just purely scien-
tific purposes. ‘

This paper reviews the seismicity of Switzerland of the past 25
years, addressing different aspects of data collection and alarm
procedures, location accuracy and magnitude thresholds , as
well as the exchange of data with surrounding countries for
events near the border.

INTERPOLATION OF UNIVERSAL MULTIFRACTALS

V.G. Bar'yahtar, D. Shertzer, V.V. Yanovsky

Lab. for Turbulence Research, Institute for Single Crystal
National Acad. Sci. Ukraine, Lenin Ave 60 Kharkov
310001, Ukraine. Email: yanovsky@isc.kharkov.ua. Fax:
38(0572)320273 .

One-parameter family of invariants of - universal
multifractal has been obtained. The existence of such
invariants implies the existence of rules allowing one to
express higher one-point moments in terms of lower ones.
If for a multifractal one finds one of these invariants, this
signifies that such a multifractal is in class of universal
multifractals with a definite Levy index. A simple
algorithm for interpolating universal multifractals based on
the invariance discovered has been proposed. The
convergence of the algorithm has been proved, and velocity
of convergence has been analytically simulated.

MULTIFRACTALITY OF <CHERNOBYL FALL-OUT AND THE
ESTIMATION OF DOSES ACCUMULATED BY INDIVIDUALS.

Y. Chigirinskaya (1), D. Schertzer (1) and S. Lovejoy (2)

(1) LMM,, Université P.& M. Curie, Paris, France. chigiri@lmm jussieu.fr / Fax:
(33-1) 44 27 52 59, (2) Physics dept., McGill University, Montreal, Canada.

We discuss the influence of geophysical turbulence transport on the
multifractal complexity of Chernobyl radio nuclides contamination
distribution and point out new ways for doses evaluation taking it into
account. We present two data sets of the 137Cs cumulative soil deposition
collected around Chernobyl: the short range (<150 km) inhomogeneous
point like distribution and the middle range (<300 km) homogeneous pixel
distribution; the values range from 0,4 to 6x10° kBg/m2, We proceed to an
empirical estimate of the universal multifractal and corresponding critical
exponents, which confirm that the highly intermittent field of 137Cs soil
contamination is the result of a non classical SOC transport mechanism. We
argue that "hotspots” at all scales and at all intensities displayed by the
Chernobyl fall-out play a fundamental role for risk assessment and
monitoring. Indeed we show that the probability distribution of the doses
accumulated by random watkers traveling within a multifractal distribution
of contamination can not be characterized by the usual mean dose. We
analytically demonstrate that the random walk dimension Dy and the
moment scaling function K(g) of contaminated area define a critical
moment qpy after which the PDF of accumulated doses will have algebraic
fallout: the probability of having the dose 10 times larger than given dose
will by only 10-4DW times smaller.

SELF-AFFINITY AND DYNAMIC SCALING OF EXTREME
STORM PRECIPITATION

C. De Michele, N. T. Kottegoda and R. Rosso

DIIAR and CIRITA, Politecnico di Milano, P.za Leonardo da Vinci, 32

1-20133 Milano MI Italy .

Tel. +39-2-23996233; Fax: +39-2-23996207; e-mail michele@idral.iar.polimi.it

The concepts of scaling and multiscaling, developed in the last twenty years,
provide a powerful framework for studying spatial and temporal variability of
numerous hydrological processes. The areal reduction factor (4RF) of storm
precipitation, widely used for reducing the point rainfall to obtain areal average
values, reflects the scaling properties of precipitation in space” and time. The
concepts of statistical self-affinity and dynamic scaling are used to understand better
the aggregation of extreme rainfall precipitation at different temporal and spatial
scales. An analysis of current formulas, generally used to determine ARF, shows an
inadequacy to reproduce the variability of extreme rainfall. So a new formula for the
areal reduction factor, based on this approach, is proposed. Application is made to
data in the United Kingdom as reported in the NERC Flood Studies Report and
observations from Milan, Italy, ranging from 20 minutes to 12 hours and from about
0.2 to 314 km®, These studies indicate that the conjecture that storm rates in space
and time are self-affine for extreme events, taking in_account the relative
insensitivity of the areal reduction factor to the probability of exceedance, provides
a useful approach to the evaluation of design storms.
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A MODEL FOR NUMERICAL SIMULATION OF THE STATIS-
TICAL PROPERTIES OF PRECIPITATION FIELDS

R. Deidda (1), R. Benzi (2) and F. Siccardi (3)
(1) CRS4, Cagliari, Italy, (2) University of Rome, Italy, (3) University of Gen-
ova, ltaly.

A multifractal model for generation of synthetic rainfall is presented. The model
is based on wavelet decomposition with coefficients extracted by a multiplica-
tive stochastic cascade. The Log-Poisson probability distribution is used' as
random generator of the multiplicative process. The theoretical derivation of
statistical properties of the model shows that synthetic signals follow anoma-
lous scaling laws depending only on two parameters: the expectation of the
Poisson distribution ¢ and a parameter 8. Properties of generalized extended
self-similarity depend only on the 8 parameter. The optimal agreement between
expected and sampled scaling is shown through some examples of Monte Carlo
simulations in R and R?. Scaling laws of real rainfall in time and space were
also computed to apply the model for downscaling problems. )

MULTIFRACTAL ANALYSIS OF RAINFALL FIELDS IN TIME
AND SPACE

R. Deidda (1), F. Siccardi (2) and R. Benzi (3)
(1) CRS4, Cagliari, Italy, (2) University of Genova, Italy, (3) University of
Rome, Italy.

In order to apply multifractal models for downscaling large scale precipitation
fields, a multifractal analysis of rainfall in time and space was performed to
investigate statistical properties and anomalous scaling laws.

Results of high resolution rain time series recorded in Genova (Italy) display
the presence of an external scale, physically coherent with typical extreme
storms of the area, around 10--20 hours: anomalous scaling laws hold in the
two ranges of time scales shorter or longer than this threshold. Some synthetic
rainfall time series were generated with a new multifractal model based on
wavelet decomposition with coefficients extracted by a multiplicative stochastic
cascade: the Log-Poisson probability distribution has been assumed as random
generator. Synthetic time series have shown very similar statistical behaviour
to that observed for the Genova series. The potential of the multifractal model
in reproducing extreme rainfall events was also investigated.

Precipitation fields from the GATE campaign and from a numerical simulation
with a meteorological limited area model (LAM) were used to perform a multi-
fractal analysis of rainfall in space. Results from GATE fields have shown that
spatial scaling of rainfall depends on time duration. Despite the strong simplifi-
cations of microphysical processes applied in meteorological models, statistical

" properties of LAM rainfall fields were very close to the GATE ones.

MEASUREMENT OF CS-137 SOIL DEPOSIT WITH METER SPATIAL
RESOLUTION AND EVALUATION OF FRACTAL CHARACTERISTICS
OF RADIOACTIVE CONTAMINATION SPOTS

O.P. Ivanov, A. V. Chesnokov, and S. B. Shcherbak
RECOM Ltd, RRC "Kurchatov Institute”, Moscow

The investigation of the levels, mechanisms and geometric characteristics of the
radioactive contamination spots on soil was carried out. The specific indicator is
radioactive isotope Cs-137. The investigation consists of three parts:

i) direct measurements of Cs-137 level in natural conditions;

i) storing of database on the radiocactivity levels in contaminated areas;

iii) determination of fractal characteristics of contamination spots.
The measurements were performed with the device "Corad” developed by the
researchers and registering the fluxes of quanta within the chosen energy range.
Their minimum resolution is about 1 m. The contaminated area is covered by the
registration nets 2 m x 2 m, 10 m x 10 m and 200 m x 200 m with the total number
of points about 8000-10000. The line measurements with step 2 m were performed
too. After computer processing the data stored in the database. The geometric
characteristics of a contamination spot expressed in terms of fractal theory. The
fractal dimensions contain the important information on relevant factors
determining the spreading of radioactivity. These measurements permit to scparate
the specific and universal features of contamination and to determine more
accurately the dangerous levels of radioactivity.
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A SCALE OF COSMIC-TERRESTRIAL CATASTROPHES

V.P.Korobeinikov,
Institute for Computer Aided Design, RA3, Moacow,
Ruszia,E-mail:inapro@glasgnet.ru/Fax:+70952509554

A conception of cosmic-terrestrial catastrophes
scaling is developed for the events of amall
celestial bodies (meteoroids,asteroids, fragments

of cowmet heads)collisions with the Earth. The
collizions are divided into clagses: air-blast
catastrophes (AEC) and impact-collision events
(ICC) . We also clanssify various types of the
catastrophes respect to damage scale as: local,
global those and supercatastrophes.Dimensionless
intensities. (magnitudes) of the catastrophes are
introduced. Results of several collizions study
are used. We suggest to use the Tungquska explosion
intensity as a scale unit for ABC events.logarithm
of relative blast energy is recommends=d

for the ABC magnitude. A simple formula for
relation between usually used magnitude of a
Earthquake and cosmic body energy is derived for
the ICC case. Eventz of the body falling into ocean
water and tsunami effect are also considered
separately.

A SYSTEMATIC GLOBAL ASSESSMENT OF THE SEISMIC HAZARD
V.G. Kossobokov (1), D.L. Turcotte (2), and B.D. Malamud (2)

- (1) International Institutue for Earthquake Prediction Theory and Mathematical
" Geophysics, Warshavakaye sh 79, Kor. 2, Moscow 13556, Russia; (2) Department

of Geological Sciences, Cornell University, Ithaca, NY 14853-1504 USA

Quantitative and reliable assessments of the regional seismic hazard can
provide a rational basis for construction codes, insurance rates, and
levels of hazard preparation. In this paper, a systematic global approach
to the hazard assessment is proposed based on the direct association of
small earthquakes with large earthquakes. This association is based on
Guttenberg-Richter frequency-magnitude statistics. These statistics have
been accepted as evidence that earthquakes exhibit self-organized
critical behavior. We introduce the seismic intensity factor, the average
number of earthquakes per year in a 1° x 1° region with magnitude
greater than or equal to four. We present global and regional maps of
the seismic intensity factor based on data from the NEIC Global
Hypocenter Database from 1963-1994. The seismic intensity factor can
be used to estimate the recurrence intervals of an earthquake with a
specified magnitude. A comparison is made with a global map of the
largest earthquakes that have occurred in each 1° x 1° region in the last
95 years. The limitations of this approach will also be discussed.

APPARENT (?) BREAKS IN FREQUENCY-MOMENT SCALING

fan Main
Dept. Geology & Geophysics, University of Edinburgh
ian.main@ed.ac.uk /Fax +44 131 668 3184

It has been suggested that the finite width of the seismogenic lithosphere can have a
strong effect on the power-law scaling of frequency-moment relation for large
earthquakes. Theories have been proposed in which large earthquakes have either a
shallower or a steeper power-law slope in the incremental frequency-moment
distribution, at characteristic seismic moments corresponding to earthquakes which
rupture the entire seismogenic depth. Many authors have applied the predicted
double-slope distribution - requiring five independent parameters - to cumulative
frequency data, and used the location of the break of slope to make inferences on
characteristic size effects in the carthquake source in different seismotectonic
regions. Here we examine the problem in a forward modelling mode, by adding a
degree of statistical scatter to ideal incremental frequency-moment distributions of
various commonly-used forms. including the single slope (Gutenberg-Richter),
double-slope. ‘characteristic’, and gamma distributions. We find that, in each case,
the combination of high-frequency noise introduced by the random statistical scatter
and the more gradual natural roll-over in the cumulative frequency data near the
maximum scismic moment can produce apparently convincing, but in fact
completely spurious, ‘double-slope distributions, even when this is not present in
the underlying distribution. We conclude that simpler solutions to the frequency-
moment problem should be adopted for seismic hazard applications until sufficient
data exists to resotve such effects uniquely. The simplest generic frequency-moment
distribution, consistent with existing short-term earthquake catalogues and longer-
term finite tectonic moment release rates, with modern theories of earthquakes as
critical phenomena, and requiring the minimum number of independent variables
(i.c. three), is the gamma distribution.



WHY DO FOREST FIRES OBEY POWER-LAW (FRACTAL)
FREQUENCY-AREA STATISTICS?
B.D. Malamud, G. Morein, and D.L. Turcotte '

Department of Geologicat Sciences, Cornell University, Ithaca, NY 14853-1504
USA; Malamud @Geology.Cornell.edu or Bruce@Malamud.Com

~ Forest fires and wildfires are clearly very complex natural hazards. Yet, as we

show, they obey power-law (fractal) frequency-area statistics in a very robust
way. Five fire datasets satisfy the relation Nf e As™® (N; thé noncumulative
number of fires with area A). The regions include Southern California,
Australia, Alaska, and the whole of the USA. The time periods range from 2
to 800 years of data (the last from tree rings). Although these datasets are
from very different regions and time periods, each exhibits very similar power-

. law exponents (1.3 < o < 1.5) with excellent power-law fits. Two quite

different “forest-fire” models have been previously proposed. The first is a
site-percolation, critical-point model in which the probability of a tree being
on a site (considering a square grid of sites) is specified. Power-law statistics
are only found in the vicinity of the “critical” value of this probability. The
second model is the self-organized critical “forest-fire” model, in which trees
are continuously planted and matches dropped at 1/f; time steps, where £; is the
sparking frequency. In this case, power-law (fractal) statistics are found for all
values of the tuning parameter (the sparking frquency). It is concluded that
small forest fires are a necessary condition for the establishment of tree
clusters that have power-law frequency size statistics. i

SCALE INVARIANCE OF STORM SURFACE RUNOFF

N. Montaldo and R. Rosso

DIIAR, Politecnico di Milano, P.za Leonardo da Vinci, 32

1-20133 Milano MI ltaly .
Tel. +39-2-23996235; Fax: +39-2-23996207; e-mail montaldo@idral..iar.polimi.i

The conjecture that extreme storm probabilities display scale invariance for a wide
range of temporal scales yields simple models for prediction of design storms. For
example, the analysis of annual maximum rainfall data for durations from 1 to 24
hours in the Po river valley indicates that simple scaling cannot be rejected for more
than 90% of 390 stations in an area of about 70,000 km?. Because of nonlinear
hillslope response, -also including threshold effects, one is interested in assessing
also the scaling properties of surface runoff as produced by extreme storm rainfall.
We address this problem by deriving direct runoff from simple scaling extreme
storms as represented by Intensity—Duration—Frequency (IDF) curves in the form of
a power function of duration with constant exponent » for any frequency level. Four

infiltration models are used to derive surface runoff, namely, the Philip’s equation,

the Horton’s equation, the Green and Ampt method, and the SCS Curve Number
method. It is shown that surface runoff rate r scales as a power function of runoff
duration ¢, i.e., roct™, for the four investigated models and a wide range of
normalized infiltration parameters. Note that power law scaling only emerges if
runoff duration f, is properly evaluated from storm duration and ponding time.
Although the value of m asymptotically achieves that of », it strongly depends upon
frequency, so one figures out that surface runoff is multiscaling. This property is
also examined for the investigated infiltration models.

ANALYSIS AND MODELING OF THE FR.EQUENCY-SIZE DIs-
TRIBUTION OF LANDSLIDES

J.D. Pelletier
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA.
jonbgps.caltech.edu/Fax: 626-585-1917

Power spectral analyses of soil moisture variability are carried out from scales
of 100 m to 10 km on the microwave remotely-sensed data from the Washita
experimental watershed durinig 1992. The power spectrum S(k) has an ap-
proximately power-law dependence on wave number k with exponent —1.8.
This behavior has important consequences for the frequency-size distribution
of landslides. We present the cumulative frequency-size distributions of land-
slides induced by precipitation in Japan and Bolivia as well as landslides trig-
gered by the 1994 Northridge, California earthquake. Large landslides in these
regions, despite being triggered by different mechanisms, have a cumulative
frequency-size distribution with a power-law dependence on area with an ex-
ponent ranging from —1.5 to —2. We use a soil moisture field with the above
statistics in conjunction with a slope stability analysis to model the frequency-
size distribution of landslides. In our model landslides occur when a threshold

. shear stress dependent on cohesion, pore pressure, internal friction and slope

angle is exceeded. The cumulative frequency-size distribution of domains of
shear stress greater than a threshold value with soil moisture modeled as above
and topography modeled as a Brownian walk is a power-law function of ‘area
with an exponent of —1.8 for large landslide areas. This distribution is similar
to that observed for landslides.

Geometric Scale-Invariance in Transformation-Induced Faulting

Eric M. Riggs and Harry W. Green, I :
IGPP, Univ. of California, Riverside, CA 92521, USA, eriggs @citrus.ucr.edu

Observations of seismogenic regions and faults even at the microscopic scale often
obey fractal statistics and power-law scaling. These phenomena appear not only with
faults at the crustal scalé, but also with the micromechanics of faulting. ’
Transformation-induced faulting, a leading candidate mechanism of deep-focus
earthquakes, may also be expected fo show similar statistical characteristics to brittle
systems. This mechanism involves transformation of metastable olivine under stress
at conditions just sufficient for nucleation of it's denser polymorphs. The result is
formation of numerous micron-scale lenses ("anticracks”) of the nanocrystalline
stable phase that coalesce as they grow to form a network of much weaker material,
which allows macroscopic faulting. We analyzed optical and SEM images of two
recent experiments conducted at 2.7 GPa in Mg2GeOy olivine. One was stopped at
the verge of shear failure, while the other transformed extensively and localized shear
but had no rapid stress drop. Despite their different histories, these experiments
developed similar fracta! structures. Individual anticrack structures have fractal
perimeters of D=1.30-1.35, higher than the coalesced network (D=1.18). These
results suggest different dynamics involved in the growth and coalescence of
anticracks and network structures. We also measured the maximum radius of
individual lenses of stable phase which had not yet fully coalesced into a developing
network. We find that the data are almost log-normally distributed, similar to the
distribution of microcrack lengths observed in brittie-field experiments. Because
transformation-induced faulting leaves distinct mineralogical traces, we propose that
it may serve as a vehicle for studying the moré general phenomenon of shear failure.

METHODLOGY TO LOCATE GEOLOGICAL RISK FOR INSURANCE:
AN APPLICATION FOR THE S. EUFEMIA AREA (CENTRAL CALABRIA, ITALY)

V. Rizzo (1), F. Fragale (2), A.Tulelli (3)

(1)CNR-IRPI, via Verdi 248, Roges di Rende (Cosenza) Rizzo@irpi.cs.cnr.it
(2) Free-lance geologist, via Grassi 31, Cosenza .

(3) SOGIS sri, via Sacchetti 10A, 00137 Roma

In the aims of a CEE-POP project, criteria were developed to estimate geological
risks along the “S. Eufemia-Catanzaro Isthmus.” One criteria was based on the
study of historical recurrence of more common and dangerous events in the area,
including landslides, river floods and earthquakes. A second criteria was based on
mapping of hazardous sites with associated vulnerability. The aim was to have a
result immediately usable for the needs of an insurance system. The mapped data
included: 5 lithology classes, 6 vegetation covers, 5 landslide typologies, 2 erosion
intensity classes, 2 flood hazardous areas, 2 seismic amplification classes, and 3
urbanization conditions. Other related parameters included slope morphology,
hydrogeological condition, structural weakness, and active faults. Both were
collected at the 1:25.000 scale and digitized using ARCINFO, thus supporting
multiparameter cross-correlation on mesh areas of 100 m®. Detailed data on
estimated phenomena recurrence, vulnerability, and esposition were furnished for
each cell. A new methodology was used in the landslides classification, using five
hazard typologies on the base of the tendency to reactivate themselves in time
(instantaneous, pluridecennal recurrent, secular recurrent, plurisecular recurrent,
continuous) while the relative vulnerability was based on the supposed rapidity of
pre-rupture phase acceleration.

GROWTH AND ARREST OF EARTHQUAKES

1.B. Rundle, E. Preston and S. McGinnis (Colorado Center for Chaos &
Complexity, & CIRES, CB 216, University of Colorado, Boulder, CO,
80309, USA); W. Klein (Dept. of Physics, Boston University, Boston, MA
02215,USA) ’

Classical theory predicts that earthquakes growing in a homogeneous stress
field should not arrest until the fault boundaries are encountered. However.
earthquakes on natural faults, where stresses are heterogeneous, are observed
over a wide range of sizes, characterized by the Gutenberg-Richter scaling
relation. Here we suggest that heterogeneity should be characterized by the
Hausdorff dimension H of the walk associated with a stochastic stress
difference field. The critical value for arrest, H = .5, corresponds to a Brownian
Walk through the stress difference field Z(x,t) = of(x,t) - 6(x,t), where

oF(x.t) is the stress failure threshold on the fault, and o(x.t) is the current shear’

stress. The growing rupture eventually encounters regions where the difference
between the strength and the stress is farge enough to inhibit further growth.
Because of the stochastic nature of the Z(x,t) field. the rupture is no longer able
to propagate as a classical object by concentrating stress at the crack tips.

In this talk, We present theory and simulation results that support these ideas.
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DYNAMIC TRIGGERING OF SLIP IN EARTHQUAKES

J.B. Rundle (Colorado Center for Chaos & Complexity. ‘& CIRES. CB 216.
University of Colorado, Boulder, CO, 80309, USA); W. Klein (Dept. of
Physics, Boston University, Boston, MA 02215,USA)

Recent observations and models reported by Gomberg et al. (Bull. Seism. Soc.
Am., 87, 294, 1997) indicate that transient dynamical strains from an
earthquake on a fault can trigger earthquakes on faults at near to far field
distances from the slipping fault. Evidently the amplitude of the pulse needed to
promote triggering is inversely proportional to the wave frequency. We
consider the physics of this problem in the context of simple meanfield models
of frictional sliding on faults in which the physics is obtained from a Lyapunov
energy functional. In this case, one can easily compute the susceptibility x of
slip on the fault to the stress forcing due to the pulse. ¥ therefore represents the
threshold, and for these models with linear Lyapunov functionals. can be
shown to vary inversely with wave frequency. While these results do not
constrain the details of the frictional physics or the Lyapunov functional. they
do provide a theoretical rationale for the observations.

EARTHQUAKES IN SOUTHERN FRANCE -
RISK ASSESSMENT FROM A REINSURER'S POINT OF VIEW

Fabian Schonenberg, Partner Reinsurance Company Ltd., Bermuda
fabian_schoenenberg@partnerre.com

Applied to the example of Southemn France, this lecture has the aim to
illustrate, from a reinsurer’s point of view, possible ways of assessing the
potential earthquake risk in areas with comparably low seismicity. Although
records of earthquake activity in France go back over 900 years, there has
been only a small number of intense events. The highest intensity recorded in
Nice was about IX on the Mercalli Scale which occurred in the year 1564, An
event in Menton near Nice on 23 February 1887 is thought to have reached an
intensity of VII to VI in Nice. A slight tremor in April 1995 caused
superficial damage to some buildings in the Principality of Monaco near Nice.
It is conceivable, therefore, that a moderately serious earthquake could affect
some areas of France in the future, particularly in the south-eastem regjon.
For reinsurance companies, and in particular those focusing on catastrophic
low frequency / high severity events, it is of primary importance to conduct a
reliable risk assessment, on a case-by-case basis, with the aim to derive
suitable premiums also in low seismicity regions. In principal, this goal can be
achieved by applying methods involving an appropriate weighing of the four
factors seismicity, vulnerability, geographical distribution of values and
insurance conditions.

\

PREDICTION OF CATASTROPHES: A NEW APPROACH

D. Sornette

Laboratoire de Physique de la Matiére Condensee, CNRS and Université de
Nice-Sophia Antipolis, Faculté des Sciences, NICE, France and Institute of
Geophysics and Planetary Physics and UCLA, Los Angeles, CA 90095-1567.
sornettelnaxos.unice.fr/Fax: [33] (0)4 92 07 67 54

We have determined that catastrophes, as they occur in various disciplines,
have similarities both in the failure of standard models and the way that sys-
tems evolve towards them. We present a non-traditional general methodology
for the scientific predictions of catastrophic events, based on the concepts and
techniques of statistical and nonlinear physics. This approach provides a third
line of attack bridging across the two standard strategies of analytical theory
and brute force numerical simulations. It has been successfully applied to prob-
lems as varied as failures of engineering structures, stock market crashes and
human parturition, with potential for earthquakes. Extensions of the theory
for future research comprise the prediction of societal breakdowns, terrorism.
large scale epidemics, and of the vulnerability of civilisations.
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A FRACTAL SCALING LAW FOR TSUNAMI RUNUP

S.F. Tebbens (1) and C.C. Barton (2)

(1) Univ. of South Florida, Dept. of Marine Sciences, 140 Seventh Avenue South,
St. Petersburg, FL 33701, USA; tebbens@marine.usf.edu; (2) U.S. Geological
Survey, 600 4th Street, South; St. Petersburg, FL 33701, USA; barton@usgs.gov

Tsunamis are sea waves generated by earthquakes, volcanic eruptions, landslides,
or, in rare cases, by meteor impacts or man-made explosions. They are a natural
hazard for many coastal regions worldwide including the Western United States,
Alaska, and Hawaii. Tsunami size can be measured in terms of runup, which is the
maximum vertical height that the wave reaches on land above a reference sea level.
Runup height can vary from less than a meter to at least 525 meters (measured at
Lituya Bay, Alaska on July 10, 1958, and associated with a magnitude 7.9
earthquake.) We find that, for the past century, the cumulative frequency of
tsunami runups at several sites around the Pacific rim each follow a fractal (power)
scaling law, with a scaling exponent that ranges from -0.63 to -2.9 depending on
various factors including local topography and the location and type of energy
source. For individual sites, it appears the scaling exponent is constant over
different time intervals. For instance, at Ayukawa, Japan, the scaling exponent is
the same (-1.1) for the interval from 1896 to 1939 and for the interval from 1940 to
1982, which suggests that the data are stable over the sample intervals and may be
sufficient for extrapolation to larger events and forecasting over similar time
intervals. We use the scaling law for tsunamis as the basis for probabilistic
forecasting of the size and number of future runup events.

PHENOMENOLOGICAL MODEL WITH FEATURES OF SELF-ORGANIZING NON-EQUILIBRIUM SYSTEM
FOR SAFETY MONITORING OF UNSTABLE ROCK SLOPES

J.2Zvelebil

Institute of Rock Structure and Mechanics, Academy of Sciences of Czech Republic, Prague
zvelebil@alpha.irsm.cas.cz ffax+420 2 6880649

In engineering geology, an interpretation of monitoring data provided by observation of devel-
opment of rock slope failure enables us to make time prognoses of catastrophically rapid
collapse of the slope in question. The empirical-inductive phenomenclogical model was set
up to highlight the interpretationally, diagnostically and prognostically useful features of
movement activity on cracks which represent individual key sites of different functional levels
within a system of slope failure in the course of a rock fall preparation. lts empirical part was
based mainly on the data from 15 years lasting operation of regional safety monitoring system
on sandstone rock walls in NW Bohemia. The inductive one - applying also synergetics, made
the unifying arrangement of the partial empirical data in the frame of the full-scale sequence
and to fill up the gaps in our experience. The model has a form of developmental sequence
of characteristic geometrica! patterns as they are visible in plots of difatometric records of
relative displacement on rock cracks. Hierarchical, non-tinear, discontinuous and semi-cyclical
nature of demonstration of activity of the slope movement in time and space with morpho-
logical similarity of curve undulations as between the different hierarchical levels of descrip-
tion of the same plot as well between plots from different dilatometric sites representing dif-
ferent system levels of the functional structure of the slope failure in question are stressed. !
Those features must be regarded in all our slope monitoring activity, data processing and in-
terpretation to avoid as distortions in our grasp of the process under inquiry as well to avoidl
'interpretalive and prognostic efrors.



ST6 Nonlinear dynamics in the heliosphere (joint with
NP) -

Convener: Macek, WM.
Co-Conveners: Carbone, V.; Grappin, R.

"SPACE - TIME DYNAMICS MODELING OF INTENSIVE

ALFVEN WAVE COLLISION IN SOLAR WIND PLASMA

N.A. Barkhatov'
Nizhny State Pedagogical University, Nizhny Novgorod, Russia
nGbarkh.sci-nnov.ru

Space-time collision dynamics of intensive Alfven waves in Solar wind
plasma is analyzed on the basis of the magnetohydrodynamic concep-

‘tion. For this purpose a special computer program realizing MHD

equations in one-scale approximation and making possible to carry
out calculating experiments in dialog regime was used. In numer-
ical experiments Alfven wave transformation into magnetic sound
and the influence of given disturbances scales correlation on result
of their interaction were studied. Simulation confirms phenomenon
of reflection from the regions of abrupt parameters’ change, which
are sensitive to space scales of interacting objects. Obtained results
are the illustration of the intensive Alfven wave interaction process,
carrying the high level of magnetosound disturbance in Solar wind.

MAGNETOHYDRODYNAMIC SOLITARY WAVES:
RELEVANCE TO SOLAR WIND OBSERVATIONS

sirtel , P. Hackenberg, G. Mann (Astrophysikalisches
Institut Potsdam, D-14482 Potsdam)
kbaumgaertel@aip.de

Inclusion of Hall current and/or finite Larmor radius (FLR)
corrections introduce dispersion into the standard ideal MHD
theory and provides the existence of solitary MHD waves. Unlike
most of the studies on solitons in collision-free plasmas, which
are based on weakly non-linear, time-dependent, evolution
equations (KdV, DNLS), we start from the fully non-linear basic
system .and isolate solitary waves from the family of 1D
stationary waves with the help of the fixed-point analysis. Spatial
structures are presented and the strong influence of the plasma
thermodynamics is pointed out. Relevance of these solitons to
solar wind observations (magnetic holes, interplanetary field
enhancements) is suggested.

ALFVEN WAVE COLLAPSE IN THE SMALL-DISPERSION
LIMIT

S. Champeaux, T. Passot and P. L. Sulem
Observatoire de la Cote d'Azur, BP 4229, 06304 Nice Cedex 4, France.

Dispersive Alfvén wave trains propagating along an ambient magnetic field are
circularly polarized and their envelope obeys the scalar nonlinear Scheédinger
equation, with possible coupling to magnetosonic waves. According to the 3
of the plasma. convective or absolute modulational instabilities with respect
to transverse perturbations lead to Alfvén wave filamentation with possible
formation of sharp acoustic fronts.
For weak dispersion, this collapse proceeds with a roughly circular polarization,
up to a critical transverse scale [, such that b (‘;\\‘)“/3(53‘%)" where Iy
measures the characteristic dispersive length. A the Alfvén wavelength and "f—)
the relative amplitude. The wave then ceases to be circularly polarized and its
amplitude saturates. In this regime. the envelope dynamics is governed by a
vector nonlinear Schrédinger equation with anisotropic diffraction. Small scales
are still formed but instead of foci. very strong gradients develop on elongated
structures.’ : :

SCALING GYROSCOPE CASCADE MODELS AND THE
MULTIFRACTAL MHD INTERMITTENCY.

Y. Chigirinskava (1), D. Schertzer (1) and S. Lovejoy (2) .
(1) L.M.M.. Université P.& M. Curie, Paris, France. chigiri @lmm jussieu.fr / Fax:
(33-1) 44 27 52 9. (2) Physics dept., McGill University, Montreal, Canaca.

Hydrodynamigs intermittency has been often investigated with the help of
some simplified caricatures of Navier-Stokes equations. Well-known
examples are the Burgers equation and shell-models.

Since the spatial dimension 1s absent in shell-models, whereas it is crucial for
the development of intermittency, a more complete model was needed. For
hydrodynamics, we developed such a model - the Scaling Gyroscope
Cascade (SGC),- by keeping only certain type of interactions of the Navier-
Stokes equations. In order to take into account the spatial dimension, while
keeping an exponential discretization of scales. we introduce a tree-structure
of eddies. Along this tree-stiucture the equations of evolution due to dircct
interactions between eddies and sub-eddies are analogous to the Euler
equations of a gyroscope. The corresponding indirect interactions are
obtained by coupling an infinite hierarchy of gyroscopes.

We present a simple and natural extension of the SGC to the MHD case.
Based on the considerations of the structure of the full system of equations,
the MHD SGC could be interpreted as a result of superposition of two
similar type cascades. We show the relevance of the SGC models for an
investigation of multifractal MHD intermittency and . transitions to Self
Organized Criticality for extreme events.

MIXING OF THE HELIOSPHERIC MAGNETIC FIELD LINES
G. Erd8s (1). A. Balogh (2) and J. Kéta (1,3) o

(1) KFKI Research Institute for Particle and Nuclear Physics, Budapest H-
1525, Hungaty, (2) The Blackett Laboratory, Imperial College, London SW7
2BZ, U.K.. (3) Lunar and Planetary Laboratory, University of Arizona, Tucson
AZ 85721, US.AL . S
erdosOrmki.kfki.hu/Fax: (361} 395 9151

The nature of the fluctuation of the heliospheric magnetic field is investigated
based on Ulysses observations. A novel method, the spinor formalism is applied
to discern between various types of inhomogenities. Among those. the separa-
tion rate of the adjacent magnetic field lines is studied in detail, including its
dependence on the spatial scale of the inhomogenities. It is argued that the
separation leads to the mixing of field lines, which is an important constituent
of the cross-field diffusion of energetic particles.
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SHOCKS AND ANTISHOCKS IN THE MHD-THOMAS MODEL

S. Galtier and J-D Fournier
Département Cassini, CNRS and Observatoire de la Céte d'Azur, BP 4229,
06304 Nice Cedex 4, France.

We study the fronts in the 1-D Thomas model of MHD at large magnetic
Prandtl number. In a preliminary numerical study, Passot observed a shock
configuration, reminiscent of the th profile of the stationary Burgers shock.
Prompted by this finding, we solved exactly the stationary case at infinite
Prandtl number; four families of solutions are relevant in the physical context;
they exhibit a th profile for both fields, with the same width but a different am-
plitude, possibly with a minus sign (antishock). We also performed a numerical
study of the dynamics at large Prandtl. At times of order unity, some station-
ary configurations seem to be attractive; for example an initial condition with
a negative velocity gradient tends to a configuration displaying a v-shock and
a b-shock or b-antishock. We studied quantitatively this evolution by fitting
locally the fronts by the exact stationary profiles, hence obtaining a precise de-
scription of the temporal evolution of the front width. A good agreement was
ohtained with an independent calculation of this width. based on its relation
with the logarithmic decrement of the exponential fall-off of the energy spectra
at very small scales. At much larger times, some of the stationary configura-
tions appear to be only metastable. In particular the solution found by Passot
evolves towards a configuration with a b-shack and a v-antishock. This may be
interpreted in-terms of rarefaction waves. One of our conclusions is that when
fronts are present, they are locally well described by our stationary solutions.

FINE STRUCTURE OF COLLISIONLESS SHOCKS: THEORY
AND OBSERVATIONS

M. Gedalin

Ben-Gurion University. Beer-Sheva, Israel, 34103.
gedalin@bgumail.bgu.ac.il/Fax: 972 7 6472904

Well-accepted theoretical mode! of a quasi-perpendicular collisionless shock as-
sumes that the shock front is one-dimensional and time-independent. With
" these assumptions the three-part structure of the high Mach number supercrit-
ical shock (foot. ramp. and overshoot) is qualitatively explained as produced
due to the interaction of ions with the quasistationary electric and magnetic
fields in the shock front. However. quantitative description is still lacking. The
foot length is determined only by an order of magnitude. and it is unknown
what determines the ramp width. On the other hand. observations show that
there is no typical high Mach number shock profile. and the shock fine struc-
ture is rich. varying from almost stationary to clearly nonstationary (oscillating.
for example). The shock front appears to be substantially steuctured, with the
smallest quasi-stationary scales of the order of 0.1{e/wp;). We review the mode!
of the one-dimensional stationary shock and observational evidence. rogsther
with the implications for further theory development.

ROLE OF CORONAL CONDITIONS IN THE DEVELOPMENT
OF STREAMS. INSTABILITIES AND TURBULENCE IN THE
SOLAR WIND

Roland Grappin and Jacques Léorat
Observatoire de Meuden, D.A.E.C., 92195 Meudon, France.

In view of understanding the relation between coronal conditions and turbu-
lence in the solar wind, we consider the problem of generating a stellar wind.
using axisymmetric MHD simulations in an open domain containing the ac-
celeration region. The magnetic field is the sum of an given external field and
an induced field generated by the flow, the latter being rapidly dominant as
distance increases. Various intensities and topologies of the external field are
considered.

In the non-magnetic case, the existence of streams requires thermal inhomo-
geneities in the corona. Streams are then unstable if the thermal fluctuations
are large enough. and the turbulent regions are the wakes of the (slow) cold
streams embedded in between (hot) fast streams. The radial distance for tur-
bulence onset and turbulent dissipation depend critically on coronal turbulent
properties. A moderate magnetic field will act as a filter. restricting the ex-
istence of turbulent wakes to regions above closed magnetic field lines, above
coronal streamers. The case of strong magnetic fields (i.e.. low beta). is cur-
rently uader investigation.
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" Analysis of the Seasonal Transport of Ozone and Water

Vapor into the Lower Stratosphere

P. Hess (National Center for Atmospheric Research, P.O. Box
3000. Boulder,CO 80307-3000. U.S.A)

The composition of the lowermost stratosphere is influenced by
both the transport of well aged stratospheric air into the lower-
most stratosphere. and the incorporation of fresher air more re-
cently transported through the tropical and subtropical tropopause. .
Using model analysis, satellite data and chemistry codes the rela-
tive importance of these two processes are diagnosed as a function
of the time of year in both hemispheres.

Arc-Polarized Discontinuities in the Solar Wind: Multispacecraft Studies

C. M. Ho, B. T. Tsurutani. G. S. Lakhina, R. Sakurai. B. Buti. B. E. Goldstein (all at
Jet Propulsion Laboratory, California Institute of Technology. Pasadena, CA 91109.
e-mail: btsurutani@jplsp.jpl.nasa.gov)

We further examine the properties of rotational discontinuities in interplanetary
space. We discuss the polarizations of the discontinuities relative to the ambient
magnetic field and the solar wind velocity. The relationship of all RDs (regardless
of polarization) with regard to Alfvén waves will be discussed. We will show that
the Alfvén waves are phase-steepened with the RDs representing the phase-
steepened front. We present a model explaining these waves as spherical waves
with arc polarization,

We attempt to determine the direction of propagation of the waves using a
spacecraft technique. We will compare the true RD direction of propagation to that
of the minimum variance and intermediate variance directions.

ON THE INTERACTION BETWEEN HELIOSPHERIC
MAGNETIC FIELDS AND LOCAL INTERSTELLAR MEDIUM
IN THE HALE CYCLE OF SOLAR ACTIVITY

N. Klochek, M. Nikonova and L. Palamarchuk
Institute of Solar-Terrestrial Physics, P.O.Box 4026, Irkutsk 664033, Russia.
klochek@iszf. irk.ru

[t is known that during the moving of solar system in the apex direction relative
to the local interstellar medium the latter exerts an action on the heliospheric
structure making it nonspherical like a structure of the Earth's magnitosphere.
[t has been shown that if the rotation of the Sun is taken into consideration
then its rotational velocities reveal a seasonal longitudinal nonuniformity with
an annual periodicity. This effect manifests itself in studying both of rotation of
the global large-scale magnetic structures (mean solar magnetic field) and rota-
tion of the magnetic fields of active regions (flux solar radiation at A = 10.7cm).
For these structures of different scales the seasonal longitudinal nonuniformi-
ties of the rotation (acceleration or slowdown of the rotation relative to its
average annual value) are opposite-in-phase so they can not be explained by
the peculiarities of the Earth's orbital motion. There appears to be nonlinear
counteraction effect within the system of the interrelated magnetic fields. The
dynamics of these nonuniformities has been studied during the 22-year Hale
cycle of solar activity using the data sets from 1976 to 1997. Some peculiarities
of the dynamics of these effects have been discussed.



WAVELET ANALYSIS OF GEOMAGNETIC TIME SERIES

P. Kovdcs (1). Z. Vérés (2). A. Kérmendi (1). A.W. Green (3) and L.
Hegymegi (1) ' ’ .

(1) E5tvds Lorand Geophysical Institute, H-1440 Budapest. POB 33, Hungary.
{2) Geophysical Institute SAS. 94701 Hurbanovo, Slovakia. (3) U.S. Geological
Survey. MS 963. POB 25046, Denver, CO 80223-0046. USA.
kovacs@elgi.hu/Fax: [36 1] 384-3306

Within the framework of the project “Global Field Line Eigenmode Study™
geomagnetic Pc3 and Pcd types of pulsations are investigated. These phenom-
ena are generated either by the solar wind or by the resonances of the lines of-
geomagnetic field. Baransky et al. published a method. called gradient method.
to distinguish between the two possible driving forces of a given pulsation. This
method uses the dynamic cross Fourier analysis of magnetic D or H component
time series recorded at two stations located on the same geomagnetic meridian
about 100-200 km apart. The fine spectral structure of the pulsations. i.e. their
exact commencements and ends or their real frequencies. however. can not be
appropriately determined from the spectrograms. The aim of this paper is to
provide a tool to improve the resolution in the time-frequency domain with the
use of simple and cross wavelet spectrum analysis. The authors expect that
this type of analysis gives a better insight to the origin and dynamics of the
tesonances of both types.

ON THE SPECTRUM OF MAGNETIC FIELD FLUCTUATIONS IN THE
SOLAR PHOTOSPHERE

Yu.V. Kyzyurov, S.F. Nosov (MAO NASU, Kiev-22, 252650.Ukraine:
kyzyurov@mao kiev.ua)

It is known that the fractal structure of the IMF depends on the structure of the
magnetic field in the photosphere and the MHD turbulence in the solar wind. In this
report we consider the process of generation of small-scale mag- netic fluctuations
(<1000 km) by turbulent mo- tions of partially ionized gas in the photo- sphere. Using
the mode! of weakly conducting fluid and assuming quasineutrality and isother-
mality, the relation between the magnetic field fluctuations and a random velocity field
is derived from Ampere's law. Taking into account the Kolmogorov picture of the
turbulence in the photosphere, an expression for the wave-number spectrum of the
magnetic fluctuations is 'ob- tained. This spectrum is described by a power law
dependence and discussed in the report. .

A COUPLED ICE SHEET-VISCOELASTIC EARTH MODEL AS A
TOOL TO ASSESS THE PRESENT-DAY IMBALANCE OF THE
GREENLAND ICE SHEET ) :

E. Le Meur (1) and P. Huybrechts (2)

(1) Alfred-Wegener-Institut Bremerhaven D-27515, Germany, (2) Departemen
Geografie, Vrije Universiteit Brussel. Pleinlaan 2, B-1050 Brussel. :
eglemeurQawi-bremerhaven.de/Fax: [49] 471-4831-149

The present-day imbalance of large ice sheets is of great concern because of their
potential contribution to global sea-level change. Unfortunately. the inferenice
of this imbalance from either mass-balance measurements or from radar altime-
try data is not very satisfactory yet (poor data coverage, controversy in satellite
data..). An alternative method to derive this imbalance is to model the past
behaviour of the ice sheet and to analyse the present evolution. Additionnaly.
the gravity petturbation (from both ice and deep Earth spatial redistributions)
. can be used as a proxy so that coupling the ice sheet with a viscoelastic Earth
model offers a new possibility of constraining the modern imbalance. This pre-
sentation aims at specifying how such a full ice sheet-Earth coupled model can
help in extracting the elastic component from the total elastic-viscous gravity
anomaly (which is actually measured) and also allows'to correct for the height
dependency in gravity values (free air gravity) by providing the crustal dis-
placements. The patterns for the different gravity anomaly components as well
as the present ice sheet imbalance given by the model for Greenland will be
presented. These first results set the basis for a discussion on the possibilities
of using field data to constrain the present-day imbalance of ice sheets.

ON THE UNIVERSAL IMPORTANCE OF SMALL SCALE ELEC-
TROSTATIC STRUCTURES IN ACCELERATION/HEATING
PROCESSES -
P. Louarn (1) and A. Mangeney (2) ’

(1) Observatoire Midi-Pyrénées, 14 rue E. Belin, 31400, Toulouse, France,
(2) Observatoire de Paris-Meudon, Place Jansen, 92195, Meudon, France.
louarnCobs-mip.fr N

It was recently discovered by the Wind spacecraft that small scale coherent,
electrostatic structures exist in the solar wind. They present important similar-
ities with the structures already observed in the magnetosheath, magnetotail
(observations by Geotail and Galileo) and in the auroral zones (observations
by Viking and Freja). In a systematic way, this type of microscopic turbulence
seems to be related to a dissipation of energy in the plasma and could thus be
a very general ingredient of the acceleration/heating processes. The character-
istics of these structures, their relationships to particular physical conditions
and range of parameters will be discussed on the basis of the available observa-
tionsP and their potential importance in-the acceleration/heating mechanisms
will bé analysed. '

SYNERGETIC PROCESSES ON THE SUN AND THEIR
RELATIONSHIP WITH SOME OBSERVATION DATA

S.L. Lukov, P.LY. Velinov, P.T. Tonev, L.N. Mateev »
Central Solar-Terrestrial Influences Laboratory, Bulgarian Academy of
Sciences, Acad.G.Bonchev Str., Block 3, Sofia 1113, Bulgaria

Corresponding to the basic conceptions of synergetics, in this paper is
considered the possibility of realization of self-organizing processes on the
Sun, which are expressed in the appearence of non steady-state periodic
component in the solar energy transfer. The latter can be a natural cause
for the observed characteristic pulsations of the Sun (T=160 min). They
have no yet any satisfactory explanation. Up to now is accepted that the
two thermonuclear cycles in the Sun: proton-proton (p-p) and carbon
(CNO), are steady-state and have constant rate. It is supposed in the
present paper that in reality exists a basic steady-state component of
energy transfer. It follows the p-p cycle and is mixed with a non steady
state component, which is connected with a non uniform (pulsations)
regime of realization of the CNO-cycle. The latter has autocatalitic
character and a strong temperature dependence of the different
thermonuclear reactions. The nuclear system is described with the
equations of Lotka-Volterra, which are solved for different temperature
models. For the periods of oscillations T=10"- 10* 5 are obtained.

TESTING FOR FRACTAL STRUCTURE IN THE LOW—SPi‘IED
SOLAR WIND IN THE INNER HELIOSPHERE P

Wieslaw M. Macek .

- Space Research Centre, Polish Academy of Sciences, Bartycka 18 A, PL-00716

Warsaw, Poland.

A time series of velocity fluctuations of the low-speed stream of the solar ivind -
measured by the Helios spacecraft in the innec heliosphere is analysed. We
invoke a modern method of singular system analysis to give a faithful repre-
sentation of a fractal structure in the solar wind. In this way. the data are
represented in terms of a complete set of orthogonal functions. obtained from a
numerical analysis of the data, and not imposed from outsids. as is in Fourier
analysis or wavelets representations. It has been shown that singular system
analysis is the powerful method of the reduction of the inherent experimen-
tal noise in the experimental data. This results in better characteristics of the
structures and proves that this method is more adequate than a standard mov-
ing average smoothing. Furthermore. the obtained characteristics of the fractal
structure are significantly different from that of the surrogate data. Thus the
results of these tests suggest that the innec heliosphere is nonlinear determin-
istic system. at least in the inectial manifold of the phase space of this. as a
whole. complex high-dimensional system.
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' OSCILLATORY DISINTEGRATION OF NONEVOLUTIONARY
SHOCK WAVES .

S.A. Markovskii

Sternberg Astronotical Institute, Moscow State University, Moscow 119399,
Russia. )

mark@sai.msu.su

We suggest & new scenario of nonlinear evolution of nonevolutionary MHD
discontinuities. For such a discontinuity the problem of time evolution of its
small perturbations does not have a unique solution. Therefore, it cannot ex-
ist as a stationary configuration and niust disintegrate or transform to a more
general nonsteady How. Evolutionary are fast and slow shocks, while trans-
Alfvénic shocks (TASWs) are not. This conclusion is valid for the shocks with
both planar and nonplanar structure. The key feature of TASWs is that their
disintegration configurations necessarily include an Alfvén discontinuity (AD)
that is also nonevolutionary in the presence of arbitrarily small but nonzero
dissipation. We show that the contradiction inherent in the nonevolutionary
shock is removed if its evolutién has the form of oscillatory disintegration, i.e.,
reversible transformation to the AD. We also apply the principle of evolution-
arity to dissipative discontinuities in the profile of inviscid supercritical shocks.
Using this approach, we obtain the conditions under which such shocks cannot
exist as a stationary flow. In analogy with the shock as a whole. the nonevolu-
tionarity of the internal discontinuity results in oscillatory reformation of the
shock structure. We argue that the nonevolutionarity of TASWSs is the reason
why they are observed in the heliosphece much more rarely than fast shocks.

STRUCTURE FUNCTIONS AND SCALINGS ANALYSIS OF SO-
LAR WIND FLUCTUATIONS

E. Marsch
Max-Planck-Institut fiir Aeronomie. D-37191 Katlenburg-Lindau, Gernany.
.marsch@linmpi.mpg.de/Fax: [49] 5556 979 210
The solar wind is a turbulent magnetofluid. Intense fluctuations occur on a wide
range of scales extending over several orders of magnitude. Clear evidence has
been found in the data for intermittency and non-Gaussian statistics. To anal-
yse these features the scaling properties of the fluctuations and their structure
functions have been investigated in detail. Spacecraft observations show that
the structuré functions of the solar wind velocity and maguetic field, and of
the prolon density and temperature have scaling properties consistent with an
intermittent behaviour. This is most obvious in the probability distributions,
which teveal strong deviations from a Ganssian and indicale small-scale co-
herent dynamics. The turbulent kinetic energy flux shows multifractal scaling,
which can be expressed and guantified in terins of its multifractal spectruns.
‘arious theoretical concepts and models have been developed to explain the so-
tar wind observations by invoking a fractal ane scale-dependent energy cascade.
A tutorial presentation of some of the models is given. and detailed comparisons
of the data with the theories are presented.

MULTISCALE STRUCTURE OF THE INTERPLANE-
TARY MAGNETIC FIELD: FRACTON EXCITATIONS
AND THE POWER-LAW SPECTRA

AV Milovanov and L.M.Zelenyi (Space Research Institute, Rus-
sian Academy of Sciences. 117810 Moscow, Russia)

We study the statistics of the magnetosonic waves on the clus-
ters of the IMF whose geometry is approximated by a fractal. Our
prime interest concentrates on the role of these waves in formation
of the power spectra of the IMF fluctuations in the corresponding
frequency ranges. We argue that the magnetosonic waves on the
fractal clusters of the IMF could be considered as a specific type
of quasiacoustic excitations termed fractons (Alerander and Or-
bach. 1982) having an ~unconventional” dispersion law depending
on the topological properties of the fractal cluster. In this context.
we propose a formalism which involves an investigation of the con-
nectivity of the fractal sets. We propose an unconventional type
of wave equation with the fractional time derivative. which gener-
alizes the standard wave equation for the fractal geometries. We
prove that the order of the time differentiation in this equation de-
pends explicitly on the so-called index of connectivity of the fractal
cluster. We found an analytical solution to the generalized wave
equation on fractals. enabling one to calculate directly the power
spectra of the IMF turbulence. Our results show a good agreement
with the direct spacecraft measurements of the IMF turbulence in
a wide range of frequences and heliocentric distances.
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SINGULAR SYSTEM ANALYSIS OF THE SOLAR WIND

Lidia Obojska and Wiestaw M. Macek
Space Research Centre, Polish Academy of Sciences, Bartycka 18 A. PL-00716
Warsaw, Poland,

The solar wind data, especially in the low-speed stream with irregular fluc-
tuations of velocities, is a good candidate to apply the methods of nonlinear
analysis. In the embedding space, constructed due to the Takens theorem, the
singular analysis allows us to recognize the directions that are most frequently
visited by the trajectory and by reducing the noise to estimate the dimension of
the reconstructed space. The embedding space is represented by a'complete set
of orthogonal functions and is obtained from a numerical analysis of the data.
The number of directions necessary for the complete reproduction of the non-
linear dynamic of the system should be large enough: otherwise the dimension
of the subspace to which all the trajectories asymptotically approach could be
underestimated. The obtained results were subjected to statistical tests for de-
terminism and the results were significantly different than those obtained from
the original data. Thus we can expect that the inner heliosphere is a nonlinear
possibly chaotic system. at least in a submanifold of the phase space.

EXACT SCALING LAWS FOR TURBULENT MHD FLOWS

H. Politano and A Pouquet
UMR CNRS 6529, BP 4229, 06304 Nice Cedex 4, France.

Turbulent flows produce strong, spatse, localized structures which may give
rise to anomalous exponents for the self-similar scaling of two-point structure
functions of the physical fields. Such intermittency is constrained by exact
laws stemming from the conservation properties of the dynamical equations.
and is documented for the Solar Wind by several obsecvations. In the case of
laboratory experiments on neutral fluids, a better fit to the data obtains when.
using Extended Self-Similarity (or ESS). one takes as the dependent variable
(as contrasted with direct scaling with the distance r between the two points).
the third-order correlators that are proportional to r. Such correlators can be
viewed as “dynamical length scales” £xg that directly arise from the Navier-
Stokes equations in the wake of the analyses of von Kirman and Howarth, of
Kolmogorov as well as that of Yaglom.

The equivalent laws have been obtained in MHD for any amount of velocity-
magnetic field correlation and for an homogeneous. isotropic and incomprsssible
fluid. They lead to new dynamical lengths €y yp. and will be derived here
explicitly in a simplified case. We thus suggest an ESS hypothesis for MHD
that makes use of two sets of third-order cross-correlators written in terms
of correlation or structure functions and involving both the velocity and the
magnetic field. These new dynamical lengths are more appropriate candidates
than £y in the reduction of Solar Wind data, since they appear as fundamental
correlators stemming from the non-linear dynamics of conducting flows.

A NUMERICAL STUDY OF THE CORRELATION BETWEEN
DENSITY AND TEMPERATURE FLUCTUATIONS OBSERVED
IN SOLAR WIND

L. Primavera. F. Malara and P. Veltri

Dipartimento di Fisica. Universitd della Calabria. 87030 Roges di Rende (CS).
Italy.

lprim@plashp3.fis.unical.it/Fax: [+39] 984 493137

We compare the results of our numerical simulations with the analysis of the
correlations between density and temperature Auctuations obtained from Helios
2 and Isee data. ln our model. a spectrum of Alfven waves propagates across a
spatially inhomogeneons magnetic field embedded in a plasma with a non uni-
form entropy distribution. that should modelize a magnetic sector boundary in
the Solar Wind. We found that the interaction between the non compressive
{Alfven) waves and the inhomogenrous structure produces compressive waves
of two types: fast and slow magnetosonic waves. with a positive correlation
between density and temperature, and static entropy waves. We found that. by
gning toward the smaller scales. the density-teniperature coreelation becomes’
more positive in the zone where the magnetic field is homogrneous. while it is
negative in the inhomogeneous zons. That seetns to be an indication of the fact
thar the static entropy waves are concentrated only in proximiry of the inho-
mageneity. where they are produced. whilst the magnetosonic waves propagate
away. by filling the hotnogeneons zone as well. Analogous trend is got from the
analysix of the data.



TERMINATION SHOCK EXCURSIONS: POSSIBILITIES FOR
VOYAGER ENCOUNTER

R. Ratkiewicz (1). A. Barnes (2) and J.R. Spreiter and S.S. Stahara (3)

(1) Space Research Center, Bartycka 18A, 00-T16 Warsaw, Poland, (2) NASA-
Ames Research Center, Mail Code 245-3, Moffett Field, CA 94035-1000. USA,
(3) RMA Aerospace, Inc., Mountain View, CA 94043, USA.
roma@cbk.waw.pl/Fax: (48] 22-40-31-31

Fluctuations in the solar wind upstream of the termination shock as well as
in the LIC plasma will cause inward and outward motions of the shock. In
the paper we discuss various scenarios for the interaction between solar wind
and interstellar matter including an influence of the local interstellar magnetic
field on the heliospheric boundary configuration and a presence of interstellar
neutral hydrogen.

ENTROPY OF THE SOLAR WIND FLOW IN THE INNER
HELIOSPHERE )

Stefano Redaelli and Wiestaw M. Macek )
Space Research Centre, Polish Academy of Sciences, Bartycka 18 A, PL-00716
Warsaw, Poland.

We analyse a time series of velocity fluctuations of the low-speed stream of
the solar wind measured by the Helios spacecraft in the inner heliosphere. We
estimate the Nolmogorov entropy directly from the signal and show that the
entropy is finite and positive, which is an indication for a chaotic behaviour
of this complex system. These results supported our previous suggestion that
trajectories describing the system in the inertial manifold of phase space can
asymptotically approach the attractor of a low-dimension. Furthermore, the
obtained characteristics of the attractor are significantly different from that
of the surrogate data. Thus the results of these tests suggest that the inner
heliosphere is nonlinear deterministic and possibly chaotic system, at least in
‘the inertial manifold of the phase space.

SMALL ELECTROSTATIC POTENTIAL DROPS IN THE SOLAR
WIND ’

C. Salem (1), A. Mangeney (1), C. Lacombe (1) and P.J. Kellogg (2)
(1) DESPA, Observatoire de Paris, 92195 Meudon, France, {2) School of Physics
and Astronomy, University of Minnesota, Minneapolis, USA.

The TDS experiment on Wind detects electrostatic waveforms in the solar
wind with a high temporal resolution. Weak double layers, lasting about 1
millisecond, are observed in the solar wind, except in the overdense heliospheric
plasma sheet. In these weak double layers, the electrostatic potential generally
drops antisunward: it varies in the same serise as the interplanetary potential
which accelerates the solar wind protons. We discuss the occurrence and the
amplitude of these small (3 to 20 mV) potential drops in relation with the
direction of the magnetic field, the gradient of the electron thermal energy and
the variations of the electron heat flux.

ION INJECTION. ACCELERATION, AND WAVE GENERATION
AT THE QUASI-PARALLEL BOW SHOCK '

M. Scholer (1), H. Kucharek (1) and K. J. Trattner 2)

(1) Max-Planck-Institue f. extraterr. Physik. 85740 Garching. Germany,

(2) Lockheed Martin Missiles & Space, Palo Alto, CA 39304, USA.
mbs@mpe-garching.mpg.de

The processes of particle injection and acceleration and of upstream wave gener-
ation at quasi-parallel collisionless shocks are intimately connected and highly
non-linear processes. The upstream waves are convected downstream by the
plasma flow and are ultimately responsible for the shock dissipation. We have
investigated the coupled process of particle injection/acceleration. wave gener-
ation. and downstream dissipation at quasi-parallel shocks by hybrid simula-
tions. which treat the ions as macroparticles and the electrons as a massless
fluid. Solar wind alpha particles are included self-consistently in order to make
predictions as to the dependence of the injection rate on species and differences
in upstream diffuse alpha particle spectra versus proton spectra. We will show
that a large fraction of both protons and alpha particles are already acceler-
ated at the shock before they leave the shock for the fiest time in the upstream
dicection. These ions are trapped near the shock ramp and are accelerated
by the upstream wave electric field. We compare the simulations with a recent
simplified model by Malkov (1997) for the iou injection at quasi-parallel shocks.

PROBABILITY DISTRIBUTION FUNCTIONS OF TURBULENT
FLUCTUATIONS
IN THE SOLAR WIND

L. Sorriso-Valvo (1}). R. Bruno (2} and V. Carbone and P. Veltri (3)

(1) Dipartimeuto di Fisica. Universitd della Calabria. 87030 Roges di Rende
(C'S). Iraly. (2) Istituto di Fisica dello Spazio Interplanetario/CNR. c.p. 27.
00044 Frascari. Italy. (3) Dipartimento di Fisica. Universitd della Calabria.
&7030 Roges di Rende (C'S). ltaly.

carbone€fis.unical.it

The probability distribution functions {PDF) of the velocity and magnetic field
gradients in the solar wind have been analyzed using the Helios I spacecraft
data collected in the inner heliosphere. We consider two different data sets.
oue including the slow-wind periods and the other one including the fast-wind
periods. The PDFs have been fitted with a theoretival function representing
a couvolution between gaussian PDFs with variance distributed according to
a log-normal function. The resulting PDF depends on a single parameter A,
which characterizes the intermittency of the signal. and we studied the sealing
behavior of A vs. the time-scale 7. We found that A ~ ==, but two distinet val-
ues for 3 are present. at least in the slow=wind. No differences appear between
veloeity and magnetie field luctuations.

SELF-SIMILARITY CONCEPTS FOR GEOMAGNETIC PULSA-
TIONS

Z. Vérds (1), P. Kovaes (2). A. Kérmendi (3). A.W. Green (4). T.A. Plyasova
Bakounina (4) and A. Juhdsz (3) )

(1) Geophysical Institute SAS. 947 01 Hurbanovo. Slovakia. (2) EStvés Lorand
Gieophysical Institute, Box 35. 1440 Budapest. Hungary. (3) Geophysical ob-
secvatory, Kossuth L.,91-03. 8237 Tihany. Hungary, (4) U.S. Geological Survey,
MS 968. Box25046, CO 80223-0046, Denver, USA. (3) E6tvés Lorand Univer-
sity. Geophys. Dept., Ludovika tér 2, 1043 Budapest, Hungary.

Fax: [421]8132494 Co

Recent analysis has shown that low frequency geomagnetic fluctuations exhibit
the same kind of scaling symmetry as MHD turbulent flows in the solar wind.
In this papet we analyse geomagnetic fluctuations on the time scale of geo-
magnetic pulsations. We use the data from two station pairs in Central Europe
and in Colorado, USA. First. we identify pulsations which characteristics are
controlled by the solar wind and separate the frequences of others which are
controlled by resonances (eigenmodes) of individual field lines. To this end"we
use gradient methods and continuously compute cross power spectral density
and cross phase dynamic spectra. After the separation of quasi-periodic {field
line resonance) and broad-band components we apply the methodology of ex-
tended self-similarity to study scalings. The aim of this study is to understand
hettar the position of the geomagnetic pulsations in a complex energy cascade
wirh the driving energy source arising from the non-local interaction between
the solar wind and the magnetosphere.
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PROPERTIES OF THE SOLAR WIND TURBULENCE AS
REVEALED BY THE WAVELET TRANSFORM

AW, Wernik (Space Research Centre, Polish Academy of Sciences, Bartycka
183 A, PL-00716 Warsaw, Poland)

Solar wind turbulence is highly nonhomogenous, exhibiting well localized
jumps, spikes and discontinuities. These coherent structures are apparently
caused by noilinear processes and play an important role in the dvnamics of
turbulent plasma. The usefulness of the wavelet transform in studying tur-
bulence stems from the fact that it can be performed locally, preserving the
information about local features of the turbulence. We show that the high-
frequency (>0.01 mHz) local wavelet spectra of the Elsdsser variables of the
low-speed solar wind at 0.3 AU are highly variable along the Helios 1 orbit.
Application of the wavelet-based nonlinear filtering allowed us to separate co-
herent structures from the noise-like. Gaussian background. Spectral indices
of the Elsasser variable Z+ are approximately -2 and -1 for the coherent and
noise-like components. respectively. Flatness of the wavelet coefficients show
that the outward propagating perturbations are non-Gaussian at scales less
than 30 minutes. while the inward perturbations become non-Gaussian at time
scales less than 1 hour. confirming the earlier results.

NP2 Predictability & time series analysis

01 Quantifying predictability

Convener: Toth, Z.

ENSEMBLE FORECASTING OF HURRICANE TRACKS AND
INTENSITY

Sim D. Aberson (1). Robert E. Tuleya (2) and Morris A. Bender (2)

(1) NOAA/ AOML/ Hurricane Research Division. Miami. FL USA, (2) NOAA/
Geophysical Fluid Dynamics Laboratory, Princeton. NJ USA.
aberson@aoml.noaa.gov

The National Centers for Environmental Prediction (NCEP) have been opera-
tionally running their suite of global forecast models by creating ensembles of
initial conditions based upon breeding of the most rapidly growing modes in
the model. During the 1996 and 1997 Atlantic and East Pacific hutricane sea-
sons. eleven member ensembles of a low-resolution version of the operational
Geophysical Fluid Dyramics Laboratory (GFDL) hurricane model were run
on a relatively large number of tropical cyclone cases based upon the NCEP
bred growing modes. The ensembles can be used to determine the confidence
forecasters may have in individual forecasts, and to improve the forecasts them-
selves. The 72 h forecasts from individual ensemble members are verified along
with ensemble mean forecasts. The skill of the low- resolution ensemble fore-
casts is compared with that of the high-resolution operational GFDL model
forecasts, and the relationship between forecast spread and forecast errors are
shown. The ability of the ensemble forecasts to envelop the true storm trajec-
tories is examined.
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ON THE RELATIONSHIP BETWEEN SINGULAR VECTORS AND
BREEDING MODES, A COMPARATIVE STUDY WITH A SIMPLE
MODEL.

B. Bontemps , E. Killén.
Department of Meteorology Stockholm University
bruno@misu.su.se, Fax ++ 46 8 15 71 85

Two different methods to study error evolution patterns in atmospheric
models have been intercompared. The two methods are singular vectors and
breeding. We use a forced and dissipative, spherical, baroclinic, two-layer,
quasi-geostrophic model with a T21 truncation. The comparison is based on
properties such as baroclinicity, heat transport, growth rate and spatial
structures. We find that the spatial structure of the modes are very similar in
both methods. The energy cascade which takes place in the non-linear model
integrations goes towards the synoptic scales at optimization time in both
cases. The baroclinicity is well pronounced for both methods but at different
evolution times. We conclude that both methods give the same kind of
information about the most unstable "phase-space" directions for a simple
model. A major part of the observed differences between the two methods
appears to depend on differences in models and fields used to initialize the
modes instead of differences in the formulation of the methods.

IMPACT OF ENSEMBLE SIZE ON ENSEMBLE PREDICTION

R. Buizza and T. N. Palmer
European Centre for Medium-Range Weather Forecasts, Shinfield Park. Reading. UK.
email: r.buizza@ ecmwf.int

The impact of ensemble size on the performance of the European Centre for
Medium-Range. Weather Forecasts (ECMWF) Ensemble Prediction System (EPS) is
analyzed. The skill of ensembles generated using 2, 4. 8. 16 and 32 perturbed

bl bers are compared for a period of 45 days. from 1 October to 15
November 1996. For each ensemble configuration, the skill is compared with the
potential skill, d by randomly choosing one of the 32 ensemble members as
verification (idealized ensemble), Results are based on the analyzes of the prediction
of the 500 hPa geopotential height field. Various measures of performance are
applied: skill of the ensemble mean. spread-skill relationship. skill of most accurate
ensemble member, Brier score, Ranked Probability Score. Relative Operating
Characteristic, and the Outlier Statistic. The refation between ensemble spread and
control error is studied using L2, L8. and Ly norms to measure distances between
ensemble members and the control forecast or the verification. It is argued that the
supremum norm is a more suitable measure of distance. given the strategy for
constructing ensemble perturbations from rapidiy-growing singular vectors. Results
indicate that. for the supremum norm. any increase of ensemble size within the range
considered in this paper is strongly beneficial. With the smaller ensemble sizes.
ensemble spread does not provide a retiable bound on control error in many cases. By
contrast, with 32 members. spread provides a bound on control eeror in nearly all
cases. [t could be anticipated that further improvement could be achieved with higher
ensemble size stifl. On the other hand. spread skill relationship was not consi v
improved with higher ensemble size using the L2 norm. The overall conclusion is that
the extent to which an increase of ensemble size (particularly from 8 to 16. and 16 to
32 members) improves EPS performance. is strongly dependent on the measure used
1o assess performance. In addition to the spread/skill relationship. the measures which
are most sensitive 10 ensemble size are shown to be the skill of the best ensemble
member (particularly when evaluated on a point-wise basis). and the Outlier Statistic.




TARGETING OBSERVATIONS TO IMPROVE TROPICAL CY-
CLONE TRACK FORECASTS

. Sim D. Aberson _

NOAA/Atlantic Oceanographic and Meteorological Laboratories Hurricane Re-
search Division Miami, FL 33149 USA.

abersonCaoml.noaa.gov

During the past two decades, improvements in tropical cyclone track forecasts
have averaged only about 1% per year. Since 1982, the Hurricane Research Di-
viston of the National Oceanographic and Atmospheric Administration (USA}
has conducted twenty-five "Synoptic-Flow” experiments in data-spare oceanic
regions roughly 48 - 72 h before projected landfall of a mature hurricane. Verti-
cal profiles of wind, temperature, and humidity within 1000 km of the center of
the tropical cyclone were gathered from sondes dropped from research aircraft.
The dropwindsonde data produce significant {16% to 30%) improvements in
operational two to three day track forecasts. Although the general observing
strategy of relatively uniform data coverage is capable of this substantial fore-
cast improvement, due to limited aircraft range. an optimal deployment strat-
egy must be developed to obtain the greatest improvements in the forecasts.
Areas where small perturbations to the model initial condition are likely to
grow most rapidly are identified using operational ensembles derived from the
National Centers for Environmental Prediction (USA) Medium-Range Fore-
casts Model. Using different configurations of the dropwindsonde data in seven
available cases, an optimum observation strategy is presented.

FLOW DPENDENT PARAMETRIZATION OF TENDENCY ERROR ON A
SIMPLIFIED MODEL '

Fabio D'Andrea and Robert Vautard (Laboratoire de Meteorologie Dynamique,
Ecole Normale Superieure, 24 Rue Lhomond 75231 PARIS CEDEX 05, France)

An extremely simplified general circulation model has been built with the aim of
modeling the large scale atmospheric flow. The model used is a Quasi Geostrophic
three levels model. A control run has been performed making use of a forcing term
obtained as an average model residual or mode! tendency error. Consequently, a
flow-dependent parametrization is sought for, making use of the analogues technique
to establish the relation between flow and model residual. Different way to compute
the model residual are tested, such as direct calculation or variational optimization
making use of the adjoint model. An improvement of the model climatology and
variability is found and commented.

Quantifying predictability with Lyapunov exponents

Ted W Frison
Randle, Inc., Great Falls, Virginia, USA
ted@chaotic.com

The Lyapunov exponents of a system describe the rate at which nearby
trajectories on an attractor separate. Thus, the largest Lyapunov
exponent, A, quantifies the inherent predictability in a time series.
There are several methods for calculating the Lyapunov exponents
directly from the data. Using a technique first described by Eckmann
and Ruelle, then improved by Abarbanel, et. al., the prediction horizons
for ocean water levels at a variety of tide stations are derived. The
prediction horizon is arbitrarily defined as the aggregate point where the
trajectories separate to 1/2 of the mean attractors size (although any
criteria can be used). For the stations examined, the prediction horizon
varied from over 10 hours for stations well exposed to the open ocean
to about an hour for a station well inside a complex estuary. Large
numbers of predictions made using a phase space method invented by
Abarbanel, et. al. had average error growth rates consistent with the
computed value for the largest Lyapunov exponent. This study
demonstrates the feasibility of using A, for classifying the dynamics of
ocean water levels and accurately estimating the limits of prediction.
Temporal variations of A, show how predictability varies with time.

LOW-FREQUENCY VARIABILITY OF THE ATMOSPHERE
AND LONG-RANGE FORECASTING :

Michael Ghil and Kayo Ide )

Department of Atmospheric Sciences and Institute of Geophysics and Plane-
tary Physics, University of California, Los Angeles, Los Angeles, CA 90095-1565
USA.

ghilatmos.ucla.edu; http://www.atmos.ucla.edu/tcd

Atmospheric low-frequency variability (LFV) spans the time scale between 10
and 100 days, longer than synoptic-scale eddy formation-and-overturning time
and shorter than duration of the year’s extreme seasons, winter and summer.
LFV can be described in terms of persistent anomalies of the midlatitude cir-
culation, such as blocking events, and in terms of intraseasonal oscillations,
such as the tropical 50-day and the extratropical 25-, 40- and 70-day oscilla-
tions. These two descriptions, intermittent and oscillatory, have given rise to
two kinds of statistical long-range forecasting (LRF) schemes, based on Markov
chains and the singular-spectrum analysis (SSA) / maximum-entropy method
(MEM), respectively. We shall discuss the relationship between the two de-
scriptions and hence the two approaches to LRF, from the point of view of
the detection and predictability of spatio-temporal patters. Hybrid forecasting
based on a dynamic model's assimilating statistical predictions will also be
outlined. .

GLOBAL CLIMATE SIGNALS AND THE SPANISH RAINFALL

C. Gutiérrez, M.J. OrtizBevid and A. RuizdeElvira

Departamento de Fisica. Universidad de Alcala. Ctra. Madrid-Barcelona Km
33,600, Alcala de Henares, E-28871 Madrid.

csus4.fsc.alcala.es/Fax: [34] 1 885 49 42

Abstract: In this work we try to establish a connection between some global
climatic signals, and some other of regional interest for the Iberian Peninsula,
such as the anomalous precipitation. In particular we explore the relationship
between the latitudinal position of the north-hemisphere polar Jet Stream and
a major climate signal like ENSO and also with the North Atlantic Oscillation.
Through the correlation between these global signals and the Spanish Station
rainfall records we separate different regions of influence in the Iberian Penin-
sula. A forcast scheme, where the same anomalous rainfall time-series are used
as predictors, is also discussed.

PREDICTABILITY OF THE NORTH ATLANTIC ANOMALOUS
CIRCULATION

C. GutiérrezCeballos and M.J. OrtizBevid

Departamento de Fisica. Universidad de Alcald. Ctra. Madrid-Barcelona Km
33,600, Alcald de Henares, E-28871 Madrid.

csQws4.fsc.alcala.es/Fax: [34] 1 885 49 42

Abstract: We attempt to develop a predictive scheme for the atmospheric
circulation over the North Atlantic basin with statistical tools like multivari-
ate lagged regression and singular value decomposition procedures. We have
used as predictands the principal components of the 850hPa air temperature in
the frecuency band related to the stormtracks and as predictors the principal
components of the SST and the ones of the very same air temperature field.
The period of time analized in this study covers from 1968 to 1996, and both
hindcast for all the period and forecast in the last 6 years have been computed.
The atmospheric data comes from the Reanalysis of NCEP, and the ocean data
is a blend of COADS and IGOSS data sets.
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HYBRID DYNAMIC-STATISTICAL FORECASTING AND
FORECAST SKILL

K. Ide and M. Ghil .

Department of Atmospheric Sciences and Institute of Geophysics and
Planetary Physics, University of California, Los Angeles, Los Angeles. CA
90095-1565 USA.

kayo@atmos.ucla.edu/Fax: -+1-310-206-6484

. We study hybrid forecasts that combine dynamical predictions based on a nu-

merical model and statistical predictions based on past observations of the
system. Vautard et al. (Physica D, 1992) suggested this approach for the pre-
diction of low-frequency variability in the coupled ocean-atmosphere; it also
holds promise for extending atmospheric predictability (Strong, Ph.D. thesis.
UCLA, 1994; Pires, Ph.D. thesis, Paris-VI, 1995). To combine the dynamical
and statistical components of the forecast system efficiently, we use sequential
estimation theory (Kalman filtering) for nonlinear systems. In the present study
the methodology is applied to a highly idealized coupled ocean-atmosphere
model (Molteni et al., J. Climate, 1993; Ghil and Jiang, GRL, 1998) allowing
us to conduct an analytical study that provides fundantental insight into hybrid
forecasting. The impact of ensemble forecasts performed in one or both of the
two components is examined so as to extend the forecast skill by capturing the
onset of major transitions and warm or cold events. Predictors of forecast skill
for this hybrid approach are also developed. The future application to more
realistic - and ultimately operational - forecast systems is also discussed.

ON CALCULATION OF THE PROBABILITY DISTRIBUTION
FUNCTIONS FOR STATISTICAL ENSEMBLES WITH THE
LARGE NUMBERS OF FREEDOM DEGREES.

Ivanov L. M. and T. M. Margolina

Marine Hydrophysical Institute Ukrainian National Academy of Sciences.
Sevastopol 335000, Ukraine
ocean@mhi2.sebastopol.ua/Fax:+380-692-444253

The special iterative procedure for the calculating the ensemble probability
distribution function has been suggested when this function satisfies the
Fokker-Plank type equation or the averaging Liouville equation which can
be reduced to a system of parabolic equations.

The developed approach is based on adapting the method of small parame-
ter suggested by Dorodnitsin [1973] for numerically solving differential equa-
tions. The method was generalized for the solving n-dimensional linear
parabolic equations in fvanov and Margolina [1997], Ivanov and Margolina
[1998], who demonstrated, that iterative procedure linearity converges and
found the conditions of this convergence.

Our experience shown that 1. The probability distribution functions calcu-
lated by our method is essentially different from the Gaussian distribution
functions used usually in n-dimensional cases. 2. Our approach is more ef-
fective, than the Monte-Carlo technique when all other conditions are equal.
The general theory is illustrated by the estimating the time of predictability
for the Black Sea low-frequency circulation. The horizon of predictability
for the nonlinear three-dimensional prediction mode! based on primitive
hydrodynamical equations (Eremeev et al. [1992]) is also found.

STRATOSPHERIC PREDICTABILITY IN THE UKMO
UNIFIED MODEL

W. A. Lahoz (CGAM, University of Reading RG6 6BB, UK)

The predictive skill of the UKMO Unified Model (UM) in the strato-
sphere is studied by applying conventional verification statistics used in
Numierical Weather Prediction (NWP). The impact of model resolution
and the location of the model lid on the lower stratosphere predictability
in the wintertime is studied for short-term deterministic forecasts; spe-
cial reference will be made to southern hemisphere winter-spring and
northern hemisphere winter. Differences between the predictability of
the lower stratosphere and the mid troposphere are highlighted and ex-
plained in terms of the flow regimes prevalent in these regions. The im-
pact of the stratosphere on tropospheric predictability is studied for
short-term deterministic forecasts and for seasonal ensemble forecasts.
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NONLINEAR PREDICTORS FOR IONOSPHERIC DATA

N.I.Manaenkova

Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation,
(IZMIRAN), Troitsk, Moscow Region, 142092, Russia.
mana€top.izmiran.troitsk.ru/Fax: [+7] 095-3340908

Time series of the observably of reflected HF radio wave, obtained by digital
ionosonde are examined. We applied well-known algorithms available for the
calculation of geometric and dynamical invariants of an underlying dynamical
system. When we deduced, that our time-series is deterministic, we used nu-
merical techniques for constructing nonlinear predictive model directly from
time series. We constructed pieswise short-term predictor and predictor us-
ing so-called radial basis technique. Radial basis predictors seemed superior to
pieswise predictors. Using direct pieswise predictor we were able for the embed-
ding dimension np= 8 to predict with normalized predictor error E= 0 for T=
7 samples ahead. Results of iterative predictions were superior: for the same
embedding dimension np=8, E= 0 for T= 70. If we'll change the value of tau
(tau is a time delay ), then for np= 20, tau=8 it allows to predict with E= 0
for T= 19, that is the common prediction time T= 162.

QUANTITATIVE PRECIPITATION FORECASTING: PRE-
DICTABILITY LIMITS AND THE USE OF ENSEMBLE FORE-
CASTS

S. L. Mullen (1), M. Wandishin (2), H. E. Brooks (2), D. J. Stensrud (2)
and C. A. Doswell III (2)

(1) The University of Arizona, Tucson, Arizona, (2) National Severe Storms
Laboratory/NOAA, Norman, Oklahoma.
mullenOnimbus.atmo.arizona.edu/Fax: 520 621-6842

Precipitation forecasts lose skill more rapidly than forecasts of any other surface
weather element. Therefore, it is critically important to document the predictive
limits for precipitation and to examine how ensemble forecasting ¢an improve
the reliability of quantitative precipitation forecasts (QPFs). These issues are
addressed in this talk, which describes results from an analysis of 90 ensemble
forecasts with 15-members from limited-area models with 80 km grid spacing.
Rapid error growth characterizes precipitation. Predictability limits for 6-hour
accumulations at the model grid points can be as short as 12 to 24 hours. Our
results suggest that ensemble techniques can improve the reliability of QPFs,
but improvements may be minimal without statistical post-processing of the
raw output

A BAYESIAN APPRDACH TU RAINFALL DISAGGREGATION
Christian Onof. Neil Mackay, Rickard E. Chandler, loward 8. Wheater
(lmperial College, London, UK)

Rainfall forecasts gencrated by mesoscale models have to be downscaled for
use in hydrology. This may be accotuplished by combining coarse scale
forecasting with somc persistence assumption at the fine scale. We here
propose un approach which explicitly uses a dependence upon the previous
time-step to disaggregate coarse scale rainfall fialds and is stochastic so as
to allow for the simulation of a range of possible swall scale scenarios. thuy
providing an estimate of uncertainty.

The wet/dry problemn is considered separately from that of the eainfall
ivtensities. For the first, we use an analogy between image processing and
disaggregation. In this Bayesian scheme. evidence constituted by the
dizaggregated field at the previons time-step and the coarse acale iatensities
are hoth incorporated to update the prior inforination which is given by a
Markov Random Field structure. so as 1o obtain the posterior distribution
from which the selected ficld is constructed.

Yor the rainfall intensities, a simple scheme is developed. bused upon the
gamina distribntion and the obscrved marphology of wet arcas.

The resnlrs show that the simulated wet/dry fickd is not distinguishable
from the ohserved field in lerms of the number of correctly elassified pixels.
and coverage for dala sets from Arkansas (USA) and Wardon Hill (UK),
while the intensity distribution is visually adequate although niore
quantitative testing is required here.



EVALUATION OF THE STABILITY OF ALGORITHM CN WITH
RESPECT TO RANDOM ERRORS IN MAGNITUDE: CENTRAL
ITALY

Peresan A. (1), Rotwain LM. (2) and Panza G.F. (1,3}

(1) Dipartimento di Scienze della Terra, University of Trieste, Via Weiss 1,
Trieste, Italy, (2) International Institute of Earthquake Prediction Theory and
Mathematical Geophysics. Moscow. Russian Federation, (3) International Cen-
tre for Theoretical Physics, SAND Group, Miramare, 34100 Trieste, Italy.

Since all the catalogue of earthquakes are inevitably affected by errors, we
established to analyse how random errors on magnitudes may influence the
results of earthquake prediction with algorithm CN, essentially based on a ro-
bust analysis of the seismic flow. For this purpose, CN has been applied to the
region currently used for the monitoring of seismicity in Central Italy. using
several randomised catalogues. The magnitudes given in the original catalogue
CCI1997 have been changed randomly, according to a normal distribution cen-
tered on the original magnitude and with standard deviation 1/3ME (Maximum
Error). ME varying from 0.1 and 0.5 have been considered. Results obtained
with ME=0.3 appear satisfactory, because all the three strong earthquakes are
predicted with a percentage of TIPs (Times of Increased Probability) that is
greater than that obtained with the original catalogue. but still comparable
with the global results. This seems to indicate that possible errors of such kind
don't compromise substantially the predictive power of the algorithm. Never-
theless. it has been observed that with ME greater than 3.0 there is a failure
to predict and the number of false alarms increases remakably.

PREDICTABILITY, LYAPUNOV VECTORS AND WEATHER
REGIMES IN A T21L3 QUASI-GEOSTROPHIC MODEL

S. Vannitsem (Institut Royal Météorologique, Sect. Climatologie Dynamique, 3
avenue circulaire, B-1180 Bruxelles, Belgium)

The spatial distributions of the Lyapunov vectors of a T21L3 quasi-geostrophic
model are investigated with special emphasis on their relation with the weather
regimes generated by the model. A clustering procedure of the anomaly weather
fields based on the local amplification rate of the dominant Lyapunov vector is
performed. It is shown that large and small amplification rates are associated to
distinct flow fields which present strong similarities with two weather regimes of
the model, suggesting that these regimes display different predictability properties.
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02 Execution and analysis of geophysical
laboratory experiments

Convener: Malinowski, S.P.
Co-Convener: Frith, W.-G.

EVALUATION OF PROBABILISTIC PREDICTION SYSTEMS

O. Talagrand (1), R. Vautard (1) and B. Strauss (2)
(1) LMD/ENS, Paris, France (2) Météo-France, Ilikirch, France

Ensemble Prediction Systems (EPS's) are particular cases of Probabilistic Prediction
Systems (PPS's), i. e. systems that-predict a probability distribution for the state of
the atmospheric flow. The value of a Probabilistic Prediction System lies in the
conjunction of two independent qualities, namely reliability, i. e. the quality that the
a posteriori observations are statistically consistent with the a priori predicted
probability distributions, and resolution, i. e. variability in the predicted probability
distributions. A number of scores commontly used for evaluating the quality of EPS's
are discussed in terms of which of these two qualities they measure. In particular, the
classical Brier score can be decomposed into the sum of two terms which
independently measure reliability and resolution (Murphy, 1973, J. 4ppl. Meteor.,
12, 595-600).

The impact of the finiteness N of forecast ensembles on various scores is discussed.
The Brier score is degraded by an additive term proportional to 1/N, which shows
rapid saturation of the score with increasing V.

The reliability and resolution of the ECMWF and NCEP EPS's are evaluated at
various forecast ranges. The performance of both systems is also compared with the
performance of an economical 'poor man's EPS' which, being based on a search for
past analogues, does not require explicit integration of the forecasting model from
‘perturbed’ initial conditions.

PROPERTIES OF THE TURBULENT CLOUD-CLEAR AIR IN-
TERFACE OBSERVED IN THE LABORATORY EXPERIMENT.
P. Banat and S. P. Malinowski

Warsaw University. Institure of Geophy
banat@fuw.edu.pl/Fax: [4¥] (22) 822-]

cs. ul. Pasteura 7, Warsaw. Poland.
37

Abstract

‘A cloud-clear air mixing is observed in the laboratory experiment with use of a laser sheet tech-
nigque. The vertical and horizontal sections through the mixing volume are imaged in the range of
scales from | mm to 1m. On the images an interface separating cloudy and clear air filaments is de-
termined in order to investigate its scaling propertics, Results indicate anisotropy with the preferred
vertical direction and scaling from about 2¢m up. Based on these results a new estimates of surface
of an interface separating cloudy and clear air is proposed.

C1091

NP2



THE EFFECT OF SLOPING BOUNDARIES ON BAROCLINIC
INSTABILITY IN TWO RELATED INTERNALLY HEATED, RO-
TATING FLUID SYSTEMS.

M. E. Bastin
Dept. of Atmospheric Physics, Oxford University.

Results have been obtained from two internally heated, rotating fluid systems,
with differing aspect ratios, in which a g-effect {variation in Coriolis param-
eter with latitude) has been simulated by the inclusion of oppositely sloping
endwalls. The boundaries are arranged so that the fluid depth (D) can either
increase with radius (8D/dr > 0) or decrease with radius (0.D/0r < 0). In both
systems stable eddy features are observed over a wide range of rotation rates
() for each endwall arrangement. However, while a large number of different
azimuthal wavenumber (m) modes are seen in the regular wave regime of the
8D /0r > 0 endwall experiments, only the gravest mode (m = 1) is seen in the
regular wave regime of the 8D/8r < 0 endwall experiments. Within the former
experimental arrangement the radial scale of the eddy features are found to be
approximately that of the Rhines scale Ly = 71/20°/3, while in the dD/dr <
0 endwall experiments the eddy kinetic energy is seen to penetrate the L3 scale
and accumulate at the largest domain-filling scales. This remarkable difference
in the flow structure of the two endwall arrangements {which is not related
to the geometry of the convection chamber) may find a partial explanation in
terms of established results on the instability of finite amplitude barotropic
Rossby waves, with 8D/8r < 0 endwalls removing the stability thresholds on
wave aniplitudes for all but the gravest mode.

MESOSCALE DATA ASSIMILATION OF SURFACE UND UPPER AIR
OBSERVATIONS IN INTENSE PRECIPITATION EVENTS.

C. Cacciamani, D. Cesari, F. Grazzini, T. Paccagnella and M. Pantone
RPA-Servizio Meteorologico Regionale, viale Silvani 6, 40122 Bologna, Italy E-mail
fisici@metgraxp.arpamet.regione.emilia-romagna.it

We devised an analysis scheme which makes use of observed surface data, combined
with upper air radionsounding observations, to build vertical profiles of wind,
humidity and geopotential over surface observing stations. The reconstructed vertical
profiles are analysed on constant pressure levels and at surface through a successive
correction method by means of ECMWF analyses as background fields. We recently
improved the scheme of vertical adjustment of surface quantities within the PBL and
we are planning to introduce an horizontal initialisation procedure for wind and mass
fields and to include satellite observations in the scheme in order to build upper
troposphere humidity profiles. The analysed fields, computed every 6 hours, are
assimilated into our operational limited area model (LAMBO, based on a version of
NCEP ETA model) during a 12 hour pre-forecast period through Newtonian nudging
of prognostic variables. The model is then run with ECMWF fields (forecast or
analysed) as boundary conditions. We successfully tested our data assimilation scheme
over various intense precipitation events in the Alps and Mediterranean region, such
as Versilia (June 19 1996), Piedmont (November 5-6 1994) and South Ticino
(September 13 1995) floods.

INERTIA-GRAVITY WAVES IN A BAROCLINICALLY UNSTA-
BLE ROTATING FLUID

A. F. Lovegrove. P. L. Read and C. J. Richards
University of Oxford, Atmospheric, Oceanic & Planetary Physics, Clarendon
Laboratory, Parks Road, Oxford, UK OX1 3PU.

It is increasingly recognised that time-varying large-scale geostrophically bal-
anced flow in the atmosphere and oceans may be accompanied by the excitation
of fast inertia-gravity waves as a form of ‘geostrophic adjustment’. This has lead
to controversial suggestions that the perturbations associated with these waves
may lead to the disruption of the ‘slow manifold’, which forms the conceptual
basis of many operational techniques for initialising weather forecasting models.
In the present work. a novel optical technique has been used to visualise and
measure a baroclinically unstable flow in a two-layer rotating annulus experi-
ment in the laboratory. Small-scale, high frequency inertia-gravity waves were
detected in association with a baroclinic wave undergoing periodic amplitude
vacillation. The observations of these phenomena will be discussed, together
with their quantitative analysis as inertia-gravity oscillations, and experimental
evidence will be presented which suggests that a slow 'quasi-manifold’ survives
the onset of these fast wave motions. Results will be further discussed in the
context of the geostrophic adjustment problem.

C 1092

INVESTIGATION OF THE DROPLET CONCENTRATION AT
THE CLOUD-CLEAR AIR INTERFACE.

$. P. Malinowski and A. Jaczewski

Warsaw University. Institute of Geophysics. ul. Pasteura 7. 02-093 Warsaw,
Poland.

malina@fuw.edu.pl/Fax: [43] (22) 822-2387

Abstract

A cloud-clear air mixing is observed in the laboratory experiment with use of a laser sheet tech-
nigue. Analysis of the intensity of the scattered light on the images from the experiment is used in
order to veryfy the hypothesis on the increase of droplet concentration at the interface. Since droplet
terminal velocity is a funcrion of the droplet radius. possible partial evaporation of droplets ar the
interface may lead to formation of the accumulation zone. First results from the experiment indicate a
dependence of the thickness of the interface on its orientation. supporting the hypothesis on increase
of the concentration.

ROUTES INTO CHAOS IN ROTATING FLUIDS

Oliver Meincke and Christoph Egbers
ZARM. University of Bremen. 28359 Bremen. F.R.G.
email: egbers@ zarm.uni-bremen.de

Abstract. We report on a concurrent study on stability. bifurcation scenarios and
routes into chaos in rotating fluids, i.e. Taylor Couette flow and spherical Couette
flow. In contrast to the pitchfork bifurcation as the first instability in the cylindrical
system the flow in the spherical gap flow bifurcates via different Hopf bifurcations
into chaos. By increasing the Reynolds number with the angular velocity of the
driving inner sphere the flow bifurcates from laminar axisymmetric basic flow to the
periodic motion of non-axisymmetric spiral waves for relative large aspect ratios,
The spiral waves exist over a wide range of the Revnolds number. In this range a
change in shape and periodicity can be detected by visualization with small
aluminium flakes and also measured by Laser Doppler velocimetry (LDV-
technique). At high Reynolds numbers. the flow undergoes a bifurcation to low-
dimensional chaotic motion before it becomes turbulent. The dynamic behaviour of
the rotating tlows mentioned above is compared and discussed by time series
analysis methods and by velocity and frequency bifurcation diagrams.

FLOW-FIELD AND POINT VELOCITY MEASUREMENTS IN A
BAROTROPICALLY UNSTABLE SHEAR LAYER.

P.L. Read (1) and W.-G. Friih (2)

(1} University of Oxford, Department of Physics, Clarendon Laboratory, Parks
Road, Oxford, OX1 3PU, UK., (2) Department of Mechanical and Chemical
Engineering, Heriot-Watt University, Edinburgh, Riccarton, EH14 4AS.
read@atm.ox.ac.uk

Abstract

‘We present laboratory experiments on a classic fluid instability in rotatiog Buids whose treatment
dates back to Stewartson (1957). It is the stability of a region of strong shear in a barotropic rotating
ﬂund where the shear layer is forced by imposing a differential rotation of the upper and lower

daries of a cylindrical tank. Such shear layers occur in the late stages of the evolution
of mid-fatitude weather systers and of tornadoes, as well as within the liquid Earth's core or across
the banded structure of the Giant planets.

The experiments have investigated the flow structures arising from the instability by using two
measurement techniques; (1) particle tracking velocimetry to measure the horizontal flow field glob-
ally, and (2) long time series of very accurate single-point velocity measurements using Laser Doppler
velocimetry. The relative merit of the two techniques will be discussed. The equilibration of the flow
to steady vortex waves, not unlike the string of vortical structures observed in Jupuer ] atmosphere
along latitude circles, will be p d. The devel of complex time-d b of
the vortices and the break- down of b pic solutions by the of three-di ional flow
structures will be discussed.




KELVIN-HELMHOLTZ INSTABILITY IN A
CONTINUOUSLY FORCED SHEAR FLOW.

E. Shearer and W.-G. Friih

Department of Mechanical and Chemical Engineering, Heriot-Watt Uni-
versity, Edinburgh, Riccarton, EH14 4AS.

w.g.fruhChv.ac.uk

Abstract

Kelvin-Helmholtz instability is a frequently observed fluid instability in atmospheric and
astrophysical situations. In the atmoaphere for instance, the occurrence of clear-air turbulence
is frequently attributed to this instability. Previous experiments were mainly conducted in
a tilting closed tube or in open-flow experiments. We present a study of Kelvin-Helmholtz
instability in a closed annular two-layer experiment where the shear across the layers is
maintained at a steady rate by rotating the lid in contact with the upper fluid at a constant
speed. .

The flow is measured by global mappings of the interface height which can be estimated
from the distortion of a reference grid by refraction at the interface due to mismatch in the
refractive indices of the two fluid layers. This method is applied to both immiscible layers
of silicone fluid and water, and to miscible layers of fresh water and salt water. The initial
instability of the fluid interface and the wave number of the emerging flow will be compared
with linear stability calculations.

LDV-MEASUREMENTS ON BAROCLINIC WAVES

Bermnd Sitte and Christoph Egbers
ZARM. University of Bremen, 28359 Bremen, F.R.G.
¢mail: egbers@zarm.uni-bremen.de

Abstract. We report on laboratory experiments of baroclinic instabilities in the
rotating annulus cooled from within. The flow undergoes different transitions from
the laminar basic state through various stages of instability to an irregular state.
LDV-measurements of the radial velocity component were carried out to describe
the instabilities, the bifurcation scenario and the route into chaos. The LDV-time
series at different positions in the rotating annulus are analysed with classical linear
tools like autocorrefation functions and fourier spectra and also with modern tools of
non-linear dynamics applied on a reconstructed phase space.
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03 Nonlinear time series analysis

Convener: Kurths, J.
Co-Convener: Yiou, P.

DYNAMIC STATE-SPACE RECONSTRUCTIONS: A CASE
STUDY WITH A THERMALLY DRIVEN, ROTATING FLUID
ANNULUS

Leonard A. Smith
Mathematica) Institute, Oxford University, OX1 3LB, UK..
lennyCmaths .ox.ac.uk/Fax: {44] 1865 270 515

The thermally driven, rotating fluid annulus provides spatial-temporal data
for a wide variety of flow conditions, each with various geophysical analogues.
Through the analysis of data from this experiment, various aspects of nonlin-
ear reconstruction techniques are illustrated. The information content of time
series from a single probe is contrasted with that of data sets of multiple meas-
urements. Noise reduction techniques are contrasted, and compared using the
same data set. Several aspects of ensemble forecasting are investigated, includ-
ing ensemble formation, verification, and the use of ensembles over different
models. Finally, the extent to which data based nonlinear models can contrib-
ute to “understanding: the physics” of physical systems is contrasted with the
contribution available from first principles simulations.

POD ANALYSIS OF BAROCLINIC WAVE FLOWS IN THE
THERMAL ROTATING ANNULUS EXPERIMENT.

A. V. Stephen (1), Dr. LM. Moroz (1) and Dr. P.L. Read (2)

(1) Oxford Centre for Industrial and Applied Maths (OCIAM). 24-29 St. Giles',
Oxford, OX1 3LB, U.K., (2) University of Oxford, Department of Physics.
Clarendon Laboratory, Parks Road, Oxford. OX1 3PU, UK..
stephenatm.ox.ac.uk/Fax: [44] 1865 272 923

Abstract

The Proper Orthogonal D (POD) is a dure to compute an orthogonal basis
from a time serics of spatial fields. This basis is optimal among all linear decompositions, in the
sense that for a given number of modes, the projection of the original signal onto the subspace will
contain the most variance on average. This algorithm is applied to streamfunction fields derived from
measurements of the flow in the thermally forced rotating annulus experiment. Results of this analysis
are presented. and a method to derive low-dimensional models of the flow by projecting the equations
of motion onto these empirical eigenfunctions is discussed.

IS THERE MEMORY IN SOLAR ACTIVITY?

J. L. Ballester (1)

(1) Departament de Fisica. Universitat de les Illes Balears. E-07071 Palma de
Mallorca. Spain.

dfsjlboeps.uib.es/Fax: [34] 71 173426

The Hurst effect is a presumed and unexpected behaviour of geophysical time
series (tree ring indices, varve thicknesses, precipitation and streamflow records,
etc.) by which these time series have persistence or “memory™. In a thorough
study about the presence of the Hurst effect in geophysical time series. Mandel-
brot and Wallis analyzed monthly sunspot numbers and obtained # = 0.86 +
0.05. suggesting that solar activity shows persistence and that the underlying
responsible mechanism can guarantee a positive correlation of solar activity
during long time lapses. Here, we have followed the scale of fluctuation ap-
proach to show that there is no incontrovertible evidence for the presence of
the Hurst effect in sunspot areas and, therefore, that there is no long-term
memory in solar activity.
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OBJECTIVE SPECTRAL METHOD APPLIED TO METE-
OROLOGICAL SERIES

P. Buenestado , R. Rodriguez and M.R. Soler (Dpt. Astronomia i Meteo-
rologia, Universitat de Barcelona, Avda. Diagonal 647, 08028 Barcelona.
Spain)

Study techniques of temporary series of meteorological variables, guided
to spectral analysis have been centered on the transformed classic Fourier
(FT) and on the maximum entropy spectral analysis method (MESA).
However, for the nature of the signal, the results are quite not conclu-
sive and in many occasions they are not more than mere conjectures of
the real meaning of the spectra maxima. Therefore is a methodological
exigency to find a capable objective technique able to discriminate those
spectral maximumns obtained as a result of the information of the signal,
from those that are fruit of the use of mathematical devices. This study
carry out about meteorological series of variable temporary order, show
the application of the techniques based on the temporary evolution of
the spectrum (MSA) and presents the evaluation of the real meaning
level (TSR) of the spectra maxima, therefore objective conclusions of
the information is obtained for the spectra! analysis. The meteorolog-
ical variables analyzed in this study, temperature, humidity, wind and
pressure, proceed from a 50 m meteorological tower. different 3 masts
and microbarographs.

PASSIVE TRACER FLUXES IN COMPLEX TURBULENT
FLOWS

* R. Cesari (1), S. Lorenzani (2), A. Maurizi (1) and F. Tampieri (2)
(1) Insitute FISBAT-CNR, v. Gobetti 101, I-40129, Bologna, Italy, (2) Insitute
IMGA-CNR, v. Gobetti 101, 1-40129, Bologna, Italy.

Geophysical turbulent fluxes are characterized by important non-idea! features.
In the well-known case of dispersion of passive tracers in inhomogeneous and
non-Gaussian turbulence the flux must be expressed as a functional of the
concentration extending the usual flux-gradient relationship. Summarizing the
theoretical work we refer to the classical Kolmogorov modification of the heat
equation by using a variable dispersion coefficient, and to the work by Lum-
ley (1973) that considers the statistics of particle displacements. Analytical
(approximate) results are available for short dispersion times {Hunt, 1983)
and for homogeneous non-Gaussian turbulence (Wyngaard and Weil, 1991).
A Lagrangian stochastic model (Thomson. 1987) has been used to describe
dispersion in many of these situations (e.g. the convective boundary layer or
the boundary layer over topography). We examine the detailed predictions of
fluxes which can be obtained for prototype cases. and we also compute the
statistics of particle displacement. The effective dispersion coefficient may be
evaluated both as the ratio between flux and concentration gradient, and as
the limit for long times of the ratio of displacement variance and time. The
theoretical predictions are then compared with the numerical results, and the
magnitude of the higher order corrections is estimated. in order to assess the
importance and the practical applicability of refined dispersion theories.

A SIMPLE CRITERION FOR DETECTING POTENTIALLY
SPURIOUS MULTIFRACTALITY IN LIMITED DATASETS

is,t A. Marshak,§ W. J. Wiscombe,§ and R. F. Cahalan}
Los Alamos National Laboratory (MS C-323), Los Alamos, NM 87545, USA.
- SNASA’s Goddard Space Flight Center (Code 913), Greenbelt, Md 20771, USA.
E-mail: adavis@lanl.gov

Mutltifractal methods have enjoyed a steady increase in popularity with geophysicists
over the past 15 years, i.e., ever since their quasi-synchronous inception in chaotic
attractor characterization and turbulent signal analysis. In the former case, we need a
singular measure as input; in the latter case, we require a non-differentiable function
Six). In the former case, we consider the scaling behavior of many statistical
moments of running sums with respect to the length of the sum; in the latter case,
we compute two-point statistics known as “higher-order structure functions:” gth
moments of absolute differences between two function values taken at lag r, namely,
Dy(r) = (fix+r)-fx)19). In ascaling regime, we have Dy(r) e (9) and, as long as
there is truly negligible information in the prefactors, ng) is large-sense concave:
£"(g) <0 (where twice differentiable). {N.B. Being based on sums and differences at
all scales, wavelet transforms have since provided a unified framework for the two
basic approaches to multifractal data analysis; so our focus on {(g) is actually not
that restrictive.] In retrospect, we can view gth-order structure functions as a general-
ization of the ¢ = 2 case —of geostatistics fame in particular— by relaxing the funda-
mentally Gaussian assumption that 2nd-order moments determine all others. If indeed
this is the case, then dimensional arguments fead to Dy(r) ~ Da(r9”=, hence {(q) =
40(2)12, a linear function as found for monofractal models (e.g., fBm). It is easy to
see that this is only an asymptotic result, valid in the limit of an infinite amount of
data. We have developed an empirical test for situations were a monofractal mode!
can be considered “good enough;™ conversely, we can flag data with observed multi-
fractality compatible with its finite scaling range and/or number of realizations.
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DECADAL CLIMATE VARIABILITY IN CONCEPTIONAL MO-
DELS OF THE ATMOSPHERE AND THE ATMOSPHERE-
OCEAN SYSTEM

K. Dethloff (1), A. Weisheimer (1), D. Handorf (1), A. Rinke (1),

M. V. Kurgansky (2), V. Petoukhov (2), W. Jansen (3)

(1) Alfred-Wegener Institute for Polar and Marine Research, Research
Department Potsdam, (2) Obukhov-Institute of Atmospheric Physics,
Moscow, (3) Institute of Physics, University Potsdam,

dethloff @awi-potsdam.de/Fax:+49-331-288-2137

To improve the understanding of climate changes beside the influence of
external factors on climate, a better understanding of natural climate varia-
bility on the decadal and centennial time scales due to internal nonlinear
mechanisms is needed. Long-term integrations of simplified conceptional
atmospheric models and of the atmosphere-ocean system for 1.000 up to
10.000 years have been carried out to quantify the natural climate varia-
bility on time scales of decades to centuries due to intemnally generated
nonlincar dynamical processes and interactions.

The model time series have been used to analyze the dominating atmo-
spheric temporal and spatial pattern using empirical orthogonal functions
and time frequency analysis. The dc hanisms of decadal cli
variability are internally driven by nonlinearities connected with atmo-
spheric processes and generate a frequency spectrum with a large portion
of variance concentrated in the decadal time scale.

ETFFICIENT COHERENT NOISE REJECTION
Y GENERALIZED SINGULAR VALUE DECOMPOSITION

T. Dudok de Wit

Centre de Physiqie Théorique, CNRS and Université de Provencn, Lumiay case
907, 113288 Marseille codax 9, France.

ddwit@cpt,univ-mrs.fr

A gennric problem in applied physics is the extraction of the dynamics from a
syatem which is polluted by some uncontroliahle “noise”. Techniques anch ay
the Singnlar Valur Decormposition {or SSA) sre of little nge for this when the
nwise is coherent. :

However, when a refercuce datn sel i3 available with naise observalions only,
then the extraction van ho congiduerably improved by generalizing the Singnlar
Value Docotnposition, 'The iden is to project the phase space of the system,
or its reconstruction by timesdelay embedding, on a non-orthogons! hasis that
captures mogt of the dynamicy of {aterest while rejeeting the unwanted nojse,
Twar examaples from spatio-temnporal expericeents illnstente the advantages and
the limitationy of the Lechnique.

RESOLUTION OF A NONLINEAR FUNCTION OF A SIGNAL
INTO SMOOTH AND SINGULAR OR INTERMITTENT PARTS,
USING WAVELET PARAPRODUCT

Aimé Fournier
National Center for Atmospheric Research, Boulder, CO USA 80307-3000.
fournier@ucar.edu/Fax: [+1] 303 497 1700

This presentation introduces to the geophysical audience, a construction from
functional analysis known as the paraproduct, by which the singular part of a
nonlinear function of a signal may be extracted from the ‘smooth’ part. That
is, the nonlinear function may be written as a sum of two terms, one of which
is smooth, the other containing the spatially localized singular or intermit- -
tent features. This is accomplished using the orthonormal wavelet transform.
Applications to analysis of variance are discussed.



Nonlinear time series analysis in phase space

Ted W. Frison
Randle, Inc., Great Falls, Virginia, USA
ted@chaotic.com

A toolkit of algorithms, described in “Analysis of Observed Chaotic
Data” [Abarbanel, 1996, Springer-Verlag], for the analysis,
characterization, and prediction of chaotic systems has been used on a
variety of oceanographic data including surface waves and water levels
at tide stations. The toolkit starts with an estimation of the average
mutual information and calculation of the global embedding dimension,
d,. This provides sufficient knowledge to form the attractor. The local
dynamical dimension (the active degrees of freedom), d,, is then
computed. Finally, the d, Lyapunov exponents are derived. The largest
Lyapunov exponent, A, describes the rate at which nearby trajectories
separate, in aggregate, and has been demonstrated to be a good
classifier of oceanic phenomena such as water levels. As a practical
demonstration of the utility of this approach, a phase space predictor
has out performed other methods of temporal ocean water level
predictions. A phase space method for prediction one time series from
another is demonstrated using data from tide stations at Charleston, SC,
USA and Key West, FL, USA.

THE SSA-MTM TOOLKIT: APPLICATIONS TO ANALYSIS AND
PREDICTION OF TIME SERIES

Michael Ghil
Dept. of Atmospheric Sciences and Inst. of Geophysics and Planetary Physics,
UCLA, Los Angeles, CA 90095-1565 USA. e-mail: ghil@atmos.ucla.edu.

A software toolkit for advanced spectral methods has been exten-

sively revised and made available on the Worldwide Web in Spring
1997 (http://www.atmos.ucla.edu/ted). The toolkit emphasizes, besides the
more traditional Blackman-Tukey and maximum-entropy methods, singular-

spectrum analysis (SSA) and the multi-taper method (MTM); hence its name.

The Toolkit developers and many independent investigators have applied suc-

cessive versions of the toolkit to a variety of practical problems. The methods
themselves are easy to understand and program, but the statistical-significance

issue is much more delicate, both theoretically and computationally. A system- .
atic comparison of results from various methods adds considerable insight over

the mere statistical testing of any particular method’s results. A graphical user

interface helps support such comparisons, as well as the "dynamical” testing of
results from any given method, by changing interactively the parameters of the

method, such as the window width, sampling rate, or resolution of the resulting

power spectrum. The talks shows how the SSA-MTM Toolkit tackled these is-

sues and outlines applications to the prediction of interannual and interdecadal

climate valiability. It reflects joint work with M.R. Allen, M.D. Dettinger, K.

Ide, M.E. Mann, G. Plaut, A.W. Robertson, C. Strong, Y. Unal, R. Vautard,

W. Weibel and P. Yiou.

STADY OF NONLINEAR ELASTIC PROPERTIES OF REAL MEDIA
BY BISPECTRAL CHARACTERISTICS OF SEISMIC NOISE

V.V.Gushchin (Seismology Department, Radiophysical Research Institute, N.
Novgorod, Russia); O.V.Pavlenko (Institute of Physics of the Earth, Moscow,
Russia)

To estimate nonlinear elastic properties of real media, bispectral characteristics of
seismic noise are calculated for regions with different geological structure. Within
the studied frequency ranges (from fractions to tens of Hz), we obtained a uniform
distribution of bispectral amplitudes testifying to the qualitative homogeneity of the
medium response to weak seismic actions. On crystalline rocks, bispectral
characteristics are close to zero in frequency ranges, which do not contain storm
microseisms and industrial harmonics, seismic noise is an almost-Haussian process.
On bicoherency maps, triples of phase-coupled industrial harmonics are often
clearly seen. On sedimentary rocks, bispectral amplitudes are slightly higher than
on crystalline rocks; this may be due to elastic nonlinearity of subsurface soils,
however, for definite conclusions, additional data are desirable. Groups of phase-
coupled oscillations are found in the frequency range of storm microseisms;
however, to determine the cause of their appearance, i.e., features of generation and
propagation of microseisms, or nonlinear effects, recordings from stations disposed
at various distances from the source of microseisms are necessary.

STATISTICAL PROPERTIES OF DYNAMIC SYSTEMS:
DEPNDENCE ON SCALES OF RESOLUTION

Sergey S. Ivanov
P.P.Shirshov Institute of O
(e-mail: ivass@dol.ru)

logy, Russian Academy of Sci , Moscow, Russia

Statistical properties of dynamic systems are examined by the example of a logistic
equation. We distinguish four scales of a resulting sequence: (1) internal resolution
1, which is the accuracy of calculations, (2) observational resolution E, which is the
accuracy of representation, and (3) total length of realization L. Both f and E are
regarded as relative values expressed with respect to the maximum amplitude of the
process A. Commonly, we imply that [ is indefinitely small and E is small enough
not to influence the result; however, one cannot expect that actual natural systems
should follow these rules. We may readily see, that the total number of the states of
the system is N =A /1, so if L > N we shall necessarily encounter a repeated value
(state) and regard the result as a periodic rather than chaotic, regardless of the value
of the control parameter. On the other hand, if E > I (and this is the most common
case in treating natural time series) we may recognize the features of a Markov chain
in the resulting sequence. The greater is the difference between E and I, the longer is
the history one needs to take into account in order to reach the given state. Thus, one
and the same process may appear to be chaotic, periodic, or Markovian depending
on the scales cited.

These considerations are assessed from the point of view of predictability of natural
time series and possibilities of interpolation of chaotic sequences.

SPATIAL RECONSTRUCTION OF SCALAR FIELDS FOR
LARGE RATIOS OF THE NOISE TO RECONSTRUCTING
SIGNAL AND UNKNOWN NOISES.

Ivanov L. M. and T. M. Margolina

Marine Hydrophysical Institute Ukrainian National Academy of Sciences,
Sevastopol 335000, Ukraine

ocean &mhi2.sebastopol.ua/Fax:+380-692-444253

An approach to reconstruct scalar fields from the noisy data is suggested.
It combines spectral representations for field characteristics and special
high-effective noise reduction procedure developed by Ivanov and Margolina
[1996]. This procedure is an optimal filter.

It is demonstrated, that successful reconstruction is possible for the following
data.

1. The noise to reconstructing signal ratio is less than 4.5.

2. The ratio of the number of parameters to be determined by the recon-
struction (for example, the number of mode amplitudes) to the number of
observations should be less than 0.1 to 0.2 and 0.5 to 0.6 for stochastic and
deterministic representations of scalar fields, respectively.

3. The spatial resolution of observations should not be less than a few
corresponding scales of scalar fields.

4. Noise statistics are unknown.

5. The low-order statistics of the useful signal may also be unknown. How-
ever. simple models which give a correlation of the mean characteristics of
useful signal should be developed.

The approach are applied to reconstruct the concentration field of SiO» in
the Kara Sea and climatic chlorophyll field in the Black Sea.

NONLINEAR SPECTRAL ANALYSIS
AND THE POSSIBILITY OF ITS USE
IN PREDICTING THE 23 CYCLE OF SOLAR ACTIVITY

N. Klochek, M. Nikonova and L. Palamarchuk
Institute of Solar-Terrestrial Physics, P.O.Box 4026, Irkutsk 664033, Russia.
nika®iszf.irk.ru

From the present point of viewthe processes on Sun may be considered in the
context of nonlinear dynamic system. Consequently, the indices determined the
solar activity leve! characterize the behaviour of such system. The nonlinear
spectral analysis of the time-dependent data set of Wolf numbers confirms this
to be true. An attempt was made to construct the nonlinear spectral model of
the average monthly Wolf numbers over the period from 1749 to 1997 and to
extrapolate it to the future with the purpose of predicting the parameters of
the 23 cycle of solar activity. This model permits to predict the value and the
time of the peak height of the forthcoming cycle.

This method of nonlinear prediction may be used in the modelling and predict-
ing many other real physical processes on Sun and Earth. .
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RESEARCH OF QUASIPERIODIC PROCESSES
BY A RESONANCE METHOD

Dmitri G. Kirian

Institute of Mechanical Engineering Problems of the Academy of Sciences,
V.0., Bolshoi 61, 199178 St.Petersburg, RUSSIA.
dikiOmail.wplus.net/Fax: [+7]-812-552-3576

As the basic problems of the analysis of quasiperiodic processes is possible
to consider: search of periodicity, restoration of the missed observations from
the available information (construction of mode! in view of physics of the phe-
nomenony), extrapolation (forecast) for limits of an interval of supervision. They
offer the new method of the resonance analysis. The method is free from lacks
inherent to classical methods. To lacks relating it is possible: a multiplicity
of frequencies, false spectral lines, the problem of calculation of a true initial
phase, amplitude, the problem of separation of neighboring periods and so on.
This method allows to investigate irregular one and two-dimensional time series
with a high level of noise. The method allows to find the basic parameters of
researched processes with anyone by the beforehand given accuracy. There are
many applications of the method in the areas in geophysics, geodynamics. The
method allows to make the forecast at the limited quantity and quality of the
initial information about researched process. The method has shown the high
efficiency at research of a trajectory of movement of an instant pole of rotation
of the Earth (Chandler’s motion), and at research of dynamics of atmospheric
Pprocesses.

DERIVING STOCHASTICAL DYNAMICAL MODELS
FROM NOISY TIME SERIES

Frank Kwasniok

Institut fiir Atmosphérenphysik an der Universitdt Rostock,
Schlofistr. 6, 18225 Kiihlungsborn, Germany

E-mail: kwasniok@dkrz.de

A methodology of constructing nonlinear stochastical dynamical mod-
els from a high-dimensional time series contaminated with observa-
tional noise is presented. The multivariate dynamical field is pro-
jected onto a linear subspace spanned by relatively few characteristic
spatial modes called principal interaction patterns. The expansion
coefficients of these patterns are assumed to be governed by a nonlin-
ear dynamical system specified with free parameters within & suitably
chosen model class driven by Gaussian white noise. The optimal dy-
namical model is determined by identifying the spatial patterns and
the system parameters (i. e. the parameters of the deterministic drift
term and the covariance matrix of the noise term) simultaneously
from a time series using a Maximum-Likelihood-Principle. The per-
formance of the method is demonstrated using numerically generated
data.

DYNAMICS OF TEMPORAL DISTRIBUTION OF CAUCASIAN
EARTHQUAKES

T. Macharashvili , IG., T.Chelidze, IG., Z. Javakhishvili, IG.
Institute of Gcophysws of Georgian Ac. Science, Tbilisi, Georgia
e-mail:root@geophy.acnet.ge

It is well known that lithospheric processes related to earthquake generation are highly
comphca(ed Quanmauve and cspecmlly quanmalne evaluation of dynamical
properties of ion of modem tools of
nonlinear time series analySIs For last decade many investigation were devoted to
search for chaotic propemes of sclsmxctry Ma;omy of published results led to the

that low-di of temporal distribution of earthquakes, contrary

to their space dlsmbuuon, is unlikely. In present study we mvesngated dynamxcal
propemes of i in C; i reglon using methods of , by
itude seq and ints mterval time series. We have

carried out both qualitative (; lation fi power spectrum, 2 and 3
dimensional phase portraits, Poincare etc.) and itative (correlation

dimension estimation by Takens best estimator) analysis of whole mentioned time
series both before and after large events. We evaluated also persistence in our time
series using Hurst method of R/S analysis. As it was shown conaldered time series, m

accordance with | data reveal ab of low di y of
evolution of magnitude and m!ereven! time mtervals for canhquakes of Caucasian
region. Indeed correlation d ions for all i d series are at least higher

then - 8. At the same time mentioned processes are not quite random. Moreover. by
nnalysns of time series before and after largest regional events for sufficiently long
time period it was shown that nonlinear structure of temporal distribution of seismic
processes before and aﬂer large earthquake are different, although they still remain

ly, existence of nonli structure in dynamical properties
of eanhquake temporal evolunon was indirectly confirmed by differences in
persistence of considered time series before and afier large event and by reliable
difference of Hurst exponents for real and randomized time series.
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ANALYSIS OF SELF-AFFINE LOG-NORMAL TIME SERIES

B.D. Malamud and D.L. Turcotte
Department of Geological Sciences, Cornell University, Ithaca, NY 14853-1504

USA; Malamud @Geology.Cornell.edu or Bruce @Malamud.Com

Self-affine time series are characterized by a statistical distribution of values and by
their persistence. While most previous studies have been restricted to Gaussian
(normal) distributions, many geophysical time series are better approximated by
log-normal distributions, an example is river discharge. One e of
persistence is , where the power-spectral density (S,,) depends upon frequency (f,,)
according to Sy, ~ f,..‘p. We use a variety of techniques to quantify the strength of
persistence of synthetic self-affine time series with -3 £ B < 5, and log-normal
distributions with coefficient of variation, ¢, = 0.2, 0.5, 1.0. Semivariograms and
rescaled-range analyses quantify the strength of persistence over, respectively, 1 £
B<3and-1<P< 1. Rescaled-range estimates of the persistence worsen for log-
normal noises with increasing c,. Both Fourier spectral techniques arid wavelet
variance analyses quantify the strength of persistence for all B; however, wavelet
transforms have a fractat basis and several advantages over Fourier transforms.
Wavelet analyses locate periodic and non-periodic events permitting transient or
time-dependent features to be detected and lack many of the inherent problems that
are found in Fourier power-spectral analyses. The output of the wavelet transform,
W(t, a), depends on the wavelet width, a. The variance of the wavelel amplitude,
V.. has an excellent power-law dependence on g, such that V, ~ a"". The wavelet
variance exponent, Hw, is equal to B, the power-spectral exponent. A variety of
applications to “actual” self-affine time series are shown.

ON EMBEDDING REALISTIC DATA

P. McSharry and L. A. Smith
Mathematical Institute, 24-29 St Giles’, Oxford OX1 3LB, U.K..
mcsharryCmaths.ox.ac.uk/Fax: {+44] 1865 270515

Many common statistics estimated from nonlinear time series analysis assume
that the data has been embedded in a way so as to reconstruct the underlying
dynamical system, for example via a timie delay procedure. It is well known
that successful reconstructions allow the estimation of many useful dynamical
variables, yet the relevant theorems do not apply even for accurate observations
of finite accuracy. We illustrate both how the embedding approach works and
why it often fails, using 8 bit data from low dimensional systems. This suggests
the introduction of consistency tests which are trivially passed when the the-
orems of deterministic dvnamical systems apply, and often fail for observations
of physical systems. The goal is to identify when and where they fail. This pre-
vents us from subsequently drawing false conclusions about the system we are
analysing. Applications toward identifying short term predictability and state
dependent mode! error are presented.

TESTING FOR AN ATTRACTOR IN THE SOLAR WIND

Wiestaw M. Macek
Space Research Centre, Polish Academy of Sciences, Bartycka 18 A, PL-00716
Warsaw, Poland.

A time series of velocity fluctuations of the low-speed stream of the solar wind
is analysed as measured by the Helios spacecraft in the inner heliosphere, which
is a region of space dominated by the solar wind flow. A method of singular sys-
tem analysis is invoked to give a faithful representation of a fractal structure in
the solar wind. In this way, the data are represented in terms of a complete set
of orthogonal functions, obtained from a numerical analysis of the data. This
results in better characteristics of the fractal structure. We have supported our
previous result that trajectories describing the system in the inertial manifold
of phase space can asymptotically approach the attractor of low-dimension.
Furthermore, the obtained characteristics of the attractor are significantly dif-
ferent from that of the surrogate data. Thus the results of these tests suggest
that the inner heliosphere is nonlinear deterministic system, at least in the
inertial manifold of the phase space of this complex high-dimensional system.



SPECTRAL-TEMPORAL STRUCTURE OF NONLINEAR-
PARAMETRIC EFFECTS IN ROCKS AS AN INDICATOR OF A
GEODYNAMIC MODE.

AV.Nazarevych (Carpathian Branch of Subbotin Institute of
Geophysics of NASU,Naukova str. 3-B, 290601, L'viv, UKRAINE.

Norilinear-parametric characteristics of rocks are one of the most
. efficient indicators of their stressed-strained statc due to high
tensosensitivity. These characteristics have been used for long for
monitoring of natural and technogenic geodynamic processes of
different scale, in particular, at seismoprognostic investigation in the
Ukrainian Transcarpathians. The effects are investigated using
original techniques and equipment, and are both good indicators of
stimulated seismotectonic processes and local earthquake precursors.
Thus, several time increase of spectral amplitudes within the range of
1-30 hours has been detected due to spestral-temporal analysis of
parametric seismogeoacoustic data. This increase begins 3-5 weeks
before local carthquakes, and creep "miniearthquakes” are observed
on this background. Creep tensovariational storms with variation
amplitudes increasing by tens and hundreds of times begin several
days before the event.

ENHANCED MONTE CARLO SSA FOR DETECTION OF
MODES WITH NONTRIVIAL DYNAMICS EMBEDDED IN COL-
ORED NOISE

M. Palus (1) and D. Novotn4 (2)

{1) Institute of Computer Science, AS CR, Prague, Czech Republic, (2) Insti-
tute of Atmospheric Physics, AS CR, Prague, Czech Republic.
mpQuivt.cas.cz, novOufa.cas.cz :

. Singular spectrum analysis (SSA) is a useful tool for identification and ex-
traction of oscillatory or other signals from noisy background. Its basic form,
however, is reliable when a signal is embedded in white noise, while presence
of ~colored” noises could lead to spurious results. Recently, Monte Carlo SSA,
based on so-called surrogate data technique, has been introduced in order to
increase reliability of detecting signals embedded in colored noises, which are
usually present in geophysical data. We propose to enhance the Monte Carlo
SSA by evaluating and testing regularity of dynarnics (quantified by so-called
coarse-grained entropy rates) of the SSA modes against the colored noise null
hypothesis in addition to the test based on variance (eigenvalues). We demon-
strate that such an approach can enhance the test reliability in detection of rel-
atively more regular dynamical modes than those obtained by decomposition of
colored noises. in particular, in detection of irregular oscillations embedded in
red noise. The method is demonstrated in detection of near-decadal oscillations
in historical temperature records obtained from several European locations, as
well as in detection of 3-5 year oscillations in the global temperature series,
related probably to the ENSO cycle.

RISK ANALYSIS OF GLOBAL CHANGE

G. Petschel-Held -

Potsdam Instiute for Climate Impact Research, Telegrafenberg, D-14473 Pots-
dam. Germany.

petschel@pik-potsdam.de/Fax: [49] 331 - 2882600

Earth System changes are taking place on a variety of temporal and spatial
scales. Especially rather short and medium term processes like the enhanced
greenhouse effect or the massive erosion of fertile soils all over the world are
equally threatening and related to human activities. In this presentation a novel
approach to analyse these global environmental changes is presented which aims
at the formu- lation of 'risk avoiding’ strategies. Based on simple models and
frameworks a risk analysis is carried out which takes into account both. the
knowledge and the policy induced uncertainty of the relevant systems. The
approach is illustrated along the climate system where a risk analysis with
respect to a ‘untolerable climate evolution® is carried out.

THE FRACTAL ANALYSIS OF NOISES
WITH SPECTRAL FUNCTION G(o)=l/a*

Yu. Machehin
fax:+380-572-436193; E-mail: Yuri@metrology. Kharkov.ua

The fractal dimension D of random time serieses with spectral
function G(w)=1/0*(0.2<A<6) was considered. The principal problem was to
search empirical dependence D via parameter A. The method of R/S functions
was used for solution of the problem.

It was shown that the dependence D from Acould be devided in two
domains. : :

In the first range (0.2<A<1) D depends on A and the second one
(0.2<A<1) corresponds to the case when D is independent from A.

Besides the dimension D depends on the length of interval of time
sefies N. For small values of N the value of the dimension D is smaller than
the one for larger values of N.

In report the conclusion was made that it is possible to use fractal
dimension for analysis of flikker noises.

CHAOS AND THE (BROKEN) BOOTSTRAP

Leonard A. Smith (1), Christine Ziehmann (2) and Jiirgen Kurths (3)

(1) Mathematical Institute, Oxford University, OX1 3LB, UK., (2) Meteorolo-
gisches Institut, Freie Universitat Berlin, Germany, (3) Department of Physics,
Universitit Potsdam, Germany.

lennytmaths.ox.ac.uk/Fax: [44] 1865 270 515

Inasmuch as Lyapunov exponents provide a necessary condition for chaos in a
dynamical system, confidence bounds on estimated Lyapunov exponents are
of great interest. We examine the bootstrap approach as a framework for
quantifying sampling uncertainties, and demonstrate that it is inappropriate
for multiplicative-ergodic statistics of deterministic chaos; this remains un-
changed in the presence of observational noise. For aleatoric dynamics (non-
linear stochastic processes), we introduce a dynamically conditioned boot-
strap approach for multiplicative-ergodic statistics such as Lyapunov expo-
nents. A alternative approach towards quantifying the minimum duration of
observations required to estimate global Lyapunov exponents is suggested; this
approach provides a necessary (but not sufficient) condition by determining
whether a particular finite time exponent might provide a good approxima-
tion to the global Lyapunov exponent and is applicable to both deterministic
and stochastic systems. Arguments are advanced, which suggest that it is not
possible to state sufficient conditions in the case of deterministic dynamics.

THE IRRELEVANCE OF CHAOS IN FORECASTING AND
"TINY” DATA SETS

Leonard A. Smith

" Mathematical Institute, Oxford University, OX1 3LB, UK..

lenny@maths.ox.ac.uk/Fax: [44] 1865 270 515

Inasmuch as Lyapunov exponents provide a necessary condition for chaos in a
dynamical system, confidence bounds on estimated Lyapunov exponents are
of great interest. We examine the bootstrap approach as a framework for
quantifying sampling uncertainties, and demonstrate that it is inappropriate
for multiplicative-ergodic statistics of deterministic chaos; this remains un-
changed in the presence of observational noise. For aleatoric dynamics (non-
linear stochastic processes), we introduce a dynamically conditioned bootstrap
approach for multiplicative-ergodic statistics such as Lyapunov exponents. A al-
ternative approach towards quantifying the minimum duration of observations
required to estimate global Lyapunov exponents is suggested; this approach
provides a necessary (but not sufficient) condition by determining whether a
particular finite time exponent might provide a good approximation to the
global Lyapunov exponent and is applicable to both deterministic and stochas-
tic systems. Arguments are advanced, which suggest that it is not possible to
state sufficient conditions in the case of deterministic dynamics.
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EL NINO CHAOS: PRONOUNCED NOISE INDUCED EFFECTS
AND STOCHASTIC RESONANCE IN A MODEL OF THE ENSO
CYCLE :

L. Stone (1), P.I.Saparin (1,2). A. Huppert (1) and C. Price (3)

(1) Porter Super-Center for Ecological and Environmental Studies, Tel Aviv
University, Ramat Aviv 69978, Israel., (2) Department of Nonlinear Dynamics,
Inst. of Physics, Potsdam University,Germany, (3) Department of Geophysics
and Planetary Sciences, Tel Aviv University, Ramat Aviv 69978, Israel..
lewiClanina.tau.ac.il

An alternative approach for explaining aperiodicity and chaos in the El-Nifio-
Southern-Oscillation (ENSO) is proposed, which considers the ocean's equa-
torial wave dynamics as part of a nonlinear dynamical system driven by ran-
dom environmental fluctuations. Noise excitation causes the model to jump
chaotically between different interacting oscillations generated by the system’s
implied “Pacific ocean-atmosphere” cycle and the seasonal cycle. The injec-
tion of noise induces chaotic dynamics, triggering an El Nifio whenever the
model’s thermocline depth exceeds a threshold level. A “stochastic resonance”
arises - should noise intensity deviate substantially from optimal, the regular
development and coherence of the ENSO cycle is impeded. The model's noise
induced chaos provides an attractive explanation for the sporadic yet deter-
ministic character of El Nifio events.

LINEAR AND NON-LINEAR TIME SERIES
ANALYSIS OF CYG X-1

J. Timmer!, I. Wardinski?, U. Schwarz?. G. Hasinger® and J. Kurths?
!Freiburger Zentrum fiir Datenanalyse und Modellbildung. D-79104 Freiburg.
Germany

2Institut fiir Physik, Universitit Potsdam. D-14469 Potsdam, Germany
3Astropysikalisches Institut Potsdam, D-14482 Potsdam. Germany

We analyze a RXTE observation of the black hole candidate Cyg X-
1 by the linear state space model and search for effects of nonlinearity
by surrogate data testing. The state space model reveals a relaxator on
short time scales. Surrogate data testing shows that it is not a linear
relaxating process. Furthermore. it suggests nonlinear effects on long
time scales. We investigate the significance of this result by simulation
studies based on the fitted linear state space model.

VARVED PLEISTOCENE LAKE SEDIMENTS IN NW ARGENTINA AS
ARCHIVES OF PALEO-CLIMATE DYNAMICS: COMPARISON OF PAST
AND MODERN RAINFALL VARIATIONS

M.H. Trauth (1), U. Schwarz (2), J. Kurths (2), K. Haselton (1), M. Strecker (1)
(1) Institut fur Geowissenschaften, (2) Institut fiir theoretische Physik und
Astrophysik, Universitdt Potsdam, Germany; trauth@geo.uni-potsdam.de

Climatic shifts towards more humid conditions and enhanced intra- and interannual
rainfall variations is one of several influential factors causing landslides in high
mountains (see also session NH3-5). In order to test this hypothesis for the
NW-Argentine Andes, both modern and past precipitation variations have been
analyzed. Modern rainfall data show a strong influence of two major climate
oscillators, the Atlantic sea-surface temperature (SST) dipole and the E!
Nixo/Southern Oscillation (ENSO). Whereas the Atlantic SST dipole consistantly
increases tropical and subtropical South American rainfall with mean periodicites of
10 to 13 years, the ENSO causes a complex spatial pattern of rainfall anomalies either
with a significant increase or decrease in total rainfall during El Nizo years: in NW
Argentina modern precipitation appears to be slightly reduced during these events. The
past precipitation changes have been reconstructed from annual-layered (varved)
deposits of a >35 k)'r landslide-dammed lake in the Qda. de Cafayate (25 59'S
65 46'W). Color changes in the varves are used as a proxy for river influx into the
lake, inferred to be linked to precipitation changes. In' addition, the dynamics of the
lake ecosystem has been reconstructed from silica- algae assemblages and the
sediment composition. The comparison of rainfall variations through time shows that
both today and during landsliding the Atlantic SST dipole slightly increased local
rainfall: however, in contrast to present conditions the ENSO increased precipitation
at the time of the landsliding event with mean periodicites of 3 to 5. Future changes in
the spatial distribution and extension of ENSO-related precipitation anomalies could
therefore increase the risk of future landslides in this region.
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Using Nonlinear Approaches to Predict
Predictability and Transitions in the
Atmospheric General Circulation

A.A. Tsonis and P.J. Roebber Dept. of Geosciences,
University of Wisconsin-Milwaukee, WI 53201

We present evidence that a hemispheric measure
closely related to available potential energy is cha-
racterized by a low-dimensional dynamical system.
The evidence is supported by three nonlinear time
series analysis approaches, namely, dimension
estimates, nonlinear prediction and Lyapunov expo-
nents calculation. We then were able to demonstrate
that 1) this dynamical system can explain large
scale circulation changes, and 2) nonlinear predi-
ction may be able to provide very good prediction of
local Lyapunov exponents (local predictability).

ANALYSIS OF SEISMIC DYNAMICAL SYSTEMS

M. Urquizi and A. M. Correig

Departament d’Astronomia i Meteorologia, Universitat de Barcelona, Mart{
Franqués 1, E-08028 Barcelona, Spain..

murquizu€mizar.am.ub.es/Fax: [34] 3 402 11 33

A procedure is presented for the analysis of complex stationary time series for
which the Fourier power spectra reveals broadband noise or broadened pulses.
We first determine the Hurst exponent from which we may know whether the
time series under study is mainly random or if the data points present corre-
lations. If the data are correlated, a chaotic analysis will reveal whether they
may be interpreted as a low dimensional nonlinear system (defined by a low
correlation dimension and a finite and positive Kolmogorov entropy and largest
positive Lyapunov exponent) or as a stochastic process. We have studied three
kind og temporal series: interevent time series of infrasonics recorded at Strom-
boli volcano, and, S-coda waves and microseisms, that have been recorded at
the eastern Pyrenees. Results show that microseism and Coda waves can be
modelated as a low dimensional deterministic system, Correlation dirmensions
2.3, 3.2, respectively. At the contrary infrasonic has resulted stochastic. This
chaotic character can be attributed to the medium properties. Coda waves with
scattering through a fractal distribution of scatters or to multiple reflexion in-
side resonators (for example sedimentati basins) and microseisms as a propa-
gation of wave guide of variable cross section, this character is well reproduced
by a nonlinear forced oscillator.

COMPLEXITY ANALYSIS OF LONG-TERM TIME SERIES
FROM THE HUBBARD BROOK ECOSYSTEM STUDY

Frank Wolf und Holger Lange
BITOK, University of Bayreuth, D-95440 Bayreuth, Germany
e-mail: frank wolff@bitoek.uni-bayreuth.de

We demonstrate that the application of nonlinear methods to hydrological and
biogeochemical time series can give valuable insights into the structure and
function of ecological systems. Focus is on long-term data from the Hubbard
Brook Ecosystem Study. We investigate complexity, information-theoretic
and spectral measures, such as entropy, fluctuation complexity, mutual
information, or power spectrum. The information gathered is complementary
to conventional statistics as well as process-oriented modeling. One
possibility to approach understanding of ecosystem behavior is to ask for the
transformation performed by the system on input when producing
corresponding output signals. This transformation is indirectly characterized
through differences in the general temporal structure of precipitation, solutes,
and runoff. Several catchments from this site are compared and their ability to
reduce information content is demonstrated.



NP3 Transport and mixing in geophysical flows

Convener: Legras, B.

01 Transport and mixing in stably stratified fluid

Convener: Staquet, C.

INTERNAL GRAVITY WAVE BREAKING IN THE MIDDLE AT-
- MOSPHERE: TWO- AND THREE-DIMENSIONAL NUMERICAL
SIMULATIONS '

Ya.D.Afanasyev and W.R.Peltier : .
Department of Physics, University of Toronto, Toronto, ON, Canada M5S 1A7.

Transfer of momentum from the wave field to the mean flow associated with
internal wave breaking is an important effect determining local mixing as well
as vertical distribution of winds in the atmosphere. Appropriate representation
of the momentum flux is also a key issue in the design of “subgrid” parameter-
izations for general circulation models. New results from a sequence of 2D and

3D numerical simulations of the evolution of monochromatic internal gravity

. waves induced by a topographic forcing in a periodic domain will be presented.

Strong dependence of the dynamics of wave mean-flow interaction on the degree,

of hydrostaticity of the wave is observed. In particular, a highly non-hydrostatic
wave (which propagates almost vertically) breaks at a relatively low altitude
forming a narrow jet-like flow of negative velocity which, in turn, arrests further
upward propagation of the wave. In the opposite limit of a hydrostatic wave,
breaking starts at high altitude and extends through the entire depth of the
fluid layer. Clear evidence of the development of spanwise perturbations in the
breaking wave is observed in high-resolution 3D simulation.

LONG INTERNAL WAVES OF FINITE AMPLITUDE
: IN THE FLUID WITH A DENSITY JUMP :

Yury Z. Aleshkov*, Aleksei E. Bukatov**, Andrey A. Bukatov***
* Saint-Petersburg State University, Russia

»** Marine Hydrophysical Institute
of Ukrainian National Academy of Sciences, Ukraine

*** Sevastopol Institute of the Nuclear Energetic and Industry, Ukraine

The propagation of the long internal waves of finite amplitude in
the two-layer fluid is considered. The analytical expressions for the
components of the fluid particle velocity, elevation of the basin’s surface
and layer’s interface up to values of the second degree are obtained basing
on expansions of the velocity potentials in the upper and lower layers
and using the Lagrange’s technique taking account of dispersion with
subsequent writing of desired solution as an expansion in powers of the
amplitude parameter. The relations allowing to estimate the dispersion
effect and the applicability of the approximation of "solid cover on the
basin’s surface” are derived. .

Basing on the two-layer density model, the analogous investigation
is carried out for the long internal waves running onto the vertical wall.
The non-linear disturbance amplitudes are compared with the incident
wave amplitude in the case of the open water, as well as in the case of
"solid cover” approximation.

NON-EQUILIBRIUM OSBORN-COX MODEL FOR OCEAN
AND ATMOSPHERE MICROSTRUCTURE FLUX ESTIMATES
C.W. Van Atta, SIO, UCSD o o l

K. Keller, AMES,UCSD .
Experimental and computer simulation studies of homogeneous stably
stratified turbulence provide a framework for generalizing the Osborn-
Cox model used by oceanographers ( and potentially by meteorologists)

to infer heat and momentum fluxes from turbulence microstructure data.

In the asymptotic region of exponential growth, turbulent kinetic and

‘potential energies have the same growth rates, which may be parameter-

ized in terms of the Richardson number Ri, microscale Reynolds number
R), and shear parameter SK/e. These three parameters can be simulta-
neously measured by contemporary ocean microstructure profilers, while
resolution of the dissipation rate ¢ is apparently not yet possible with
atmospheric profilers. Scaling of the TKE and PE equations yields ap-
proximate analytical expressions for the growth rates which provide use-
ful fits to the data. The resulting expressions can, in principle, be used'
to infer turbulence growth rates and heat and momentum fluxes leading
to small scale turbulent mixing. Prospects for application to oceanic
and atmospheric data sets, as well as to our current laboratory exper-
iments utilizing approximately instantaneous vertical sampling will be
discussed. ) . :

PARTICLE DISPERSION AND MIXING BY BREAKING INTER-
NAL GRAVITY WAVES : : .

P. Bouruet-Aubertot (1), C. Koudella (1), C. Staquet (2) and K.B. Win-
ters (3) : ) :

(1) Lab. de Physique, E.N.S. de Lyon, 46 allée d’Italie, F69364 Lyon Cdx 07,

(2) LEGI-IMG, BP53, F38041 Grenoble Cdx 09, (3) Appl. Physics Lab., U.of -

Washington, Seattle WA 98105-6698, USA.

We provide estimates of diapycnal mixing induced by breaking internal grav-
ity waves using two methods. The first method consists in a direct evaluation
through particle dispersion while the second relies upon potential energy bud-
gets. We investigate both standing and propagating breaking waves, whereof
dynamics were previously analyzed by means of direct numerical simulations.

" A local estimate of mixing is first inferred from the. time evolution of sets of

particles released in the flow during the turbulent regime. We show that after
an early evolution dominated by shear effects, a diffusion law is reached.

The diffusion coefficient, K, is also calculated from the diffusive flux across the
isopycnals. An excellent agreement with the former method is obtained. This
finding is of particular interest regarding the interpretation of in situ estimates
of K, either inferred from tracer dispersion of microstructure measurements.
‘We show that the result of mixing is a vertical layering of the density profile
made of a superposition of less stratified layers and more stratified layers. We
then give insight on the mechanisms of formation of this vertical layering.

DYNAMICS OF INTERFACES AND LAYERS IN A STRATIFIED
TURBULENT FLUID -

N. J. Balmforth (1), S. G. Llewellyn Smith (2) and W. R. Young (3)

(1) Department of Theoretical Mechanics, University of Nottingham, Notting-

ham NG7 2RD, UK, (2) Department of Applied Mathematics and Theoretical
Physics, University of Cambridge, Cambridge CB3 9EW, UK, (3) Scripps In-
stitution of Oceanography, La Jolla CA 92093-0230, USA. .
sglsitdantp.cam.ac.uk/Fax: [44] 1223 337918

A model of mixing in a stratified and turbulent fluid which uses the horizontally
averaged vertical buoyancy gradient and the density of turbulent kinetic energy
as variables is proposed. Heuristic ‘mixing-length’ arguments lead to a coupled
set of parabolic differential equations. A particular form of mechanical forcing
is proposed; for certain parameter values the relationship between the buoyancy
flux and the buoyancy gradient is non-monotonic and this leads to an instability
of equilibria with linear stratification. The instability results in the formation
of steps and interfaces in the buoyancy profile.

The turbulent mixing process can take one of three forms depending on the -

strength of the initial stratification. When the stratification is weak, instability
is not present and mixing smoothly homogenizes the buoyancy. At intermediate
strengths of stratification, layers and interfaces form rapidly over a substantial

interior region bounded by edge layers- associated with the fluxless condition .

of the boundaries. The model predicts a third case, when the central region is
linearly stable and no steps form there.
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GENERAL PROPERTIES OF THE FREE STRATIFIED FLOWS
(LIE GROUPS ANALISYS AND SMALL TIME ASIMPTOTICS)

Vasiliy G. Baydulov

Institute for Problems in Mechanics RAS, 101 prospect Vernadskogo, Moscow,
117526, Russia.

baydoipmnet .ru/Fax: [7] 095 938 2048

The symmetry properties of the complete set of governing equations in 1D, 2D
and 3D cases for free stratified flows are analysed by continuous groups meth-

_ods. The symmetry group of the 1D stationary equations is not the subgroup of
non-stationary one. All 2D and 3D transient problems have the same symmetry
groups structure. There were found non-trivial invariant solutions of non-linear
stratified flows equations which do not follow directly from quality analysis
and from physical sense of the problem. The asymptotic solutions of linearized
transient 1D, 2D and 3D boundary problems are found. Flow structure is anal-
ysed in detailes for diffusion induced currents on impermeable perfect shape
surfaces (inclined plane and channel, horizontal cylinder, sphere) submerged in
a rest continuously stratified liquid. Solutions are analytical functions of the all
physical parameters of the problem (gravity acceleration, buoyancy frequency,
viscosity and diffusion coefficients). These solutions are matched both with the
known exact solutions and themselves in limit cases. The asymptotic solution
of the starting cylinder problem is constructed. Solutions are compared with
the known results and with data of laboratory experiments. Extrapolation of
the developed models on the description of the environment (the atmosphere
and oceans flows) is discussed.

ON TWO DIMENSIONAL APPROXIMATION OF THE WIND-
WAVE INTERACTION PARAMETER

M. Yu. Belevich and I. A. Neelov

Institute of Oceanology (St.Petersburg Branch), Russian Academy of Scienses,
1 Line 30, St.Petersburg 199053, Russia.

mbeio.spdb.su/Fax: [7] 8122 185 759

An air flow of arbitrary direction ovet a two dimensional monochromatic wave
surface is considered. The angle—frequency dependence of the wind-wave in-
teraction parameter B is studied. The research is carried out using the three
dimensional model of the wave boundary layer. The interaction parameter 8 is
considered as a function of two arguments: wave component frequency w and an-
gle 8 between wave and wind directions. The values of 8 for w € (0.033,0.4)g/v.
(g — gravity, v, — friction velocity) and 8 € (0, x) are computed in numerical
experiments with the wave boundary layer model. The change of wind direc-
tion with respect to the wave phase speed direction is qualitatively equivalent
to the decrease of wave frequency and the increase of its phase speed. When
the equivalent phase speed coincides with the wind velocity the wind-wave in-
teraction is equal to zero. Further increase of the angle # leads to the case when
the equivalent wave moves faster than wind and the wind-wave interaction pa-
rameter changes its sign. The Fourier analysis of the angular dependence of 8
shows that only the first three Fourier components are significant. This allows
derivation of simple approximate formula which values are in good agreement
with computed data.

INVESTIGATION OF THE VERTICAL STRUCTURE OF THE
FAR-WAKE OF A SPHERE IN A STRATIFIED FLUID

M. Bonnier (1,2), P. Bonneton (3) and O.S. Eiff (2)

(1) Institut de Mécanique des Fluides de Toulouse, France, (2) Centre National
de Recherches Météorologiques, Toulouse, France, (3) D.G.O., Universite Bor-
deaux 1, France.

We focus on the large-scale structures in the far-wake of a sphere (Nt > 20),
after the near-wake has collapsed under the effects of stratification and the
vortices have lost their vertical velocity component, leading to quasi two-
dimensional turbulence. Two techniques were used to study the vertical evo-
lution of the horizontal motions at F = 0.4 (laminar near-wake) and F = 6
(turbulent near-wake): particle tracking and fluorescent-dye visualization. In
both techniques, a laser-sheet was used to vertically scan a succession of hori-
zontal planes. The evolution of vorticity in the vertical direction demonstrates
that the vertical diffusion of the vorticity is similar to purely viscous diffusion.
Moreover, analysis of the vertical evolution reveals a high degree of vertical
coherence of the vortices in the laminar case. However, due to advection, the
vortices are slightly inclined with respect to the vertical direction. To examine
the internal structure of the far-wake vortices we also measured the density vari-
ations within the vortices. Horizontal as well as vertical density profiles were
obtained from high sensitivity micro-conductivity probe measurements. The
results reveal a three-dimensional internal structure of the vortices. Specifi-
cally, this three-dimensional structure is in accord with a model to explain the
equilibrium of the ”quasi two-dimensional” vortex structures.
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CONVECTIVE MOTION DRIVEN BY LOCALIZED SUDDEN COOL-
ING OF HEATING EVENTS ON THE SURFACE OF THE SEA.

V.Bouché (1), E.Salusti (2)
(1)Dipartimento di Fisica Universitd “La Sapienza” Roma, Italy, (2) LN.F.N.
- Dip.to di Fisica, Universitid di Roma “La Sapienza”, Roma, Italy

A bidimensional, non rotating, stochastic model for deep water formation
is shown. A series of random, localized, sudden cooling or heating events on
the surface of a stationary sea is stated. Every push is considered as an infinite
series of speeching linear quadrupoles of wires, localized sources of vorticity.
A short times analytical solution is presented for an homogeneous, stratified,
unviscous, viscous, diffusive, non diffusive model; the seperate effect of each of
these components (stratification, viscosity, diffusivity) is discussed, if N2,k
are given functions of the depth. This is a first step in order to study the effect
of a non homogeneous, stochastic buoyancy flux on a non rotating sea.

TRANSPORT AND MIXING IN 3D LAMINAR FLOWS

Julyan H. E. Cartwright (1) and Oreste Piro (2)

(1) Departament de Fisica, Universitat de les Illes Balears, E-07071 Palma de
Mallorea, Spain, (2) IMEDEA, E-07071 Palma de Mallorca, Spain.
julyan@hpi.uib.es, piro@hpl.uib.es/Fax: [+34] 71 173426

Understanding particle advection in incompressible laminar fluid flow, apart
from being of theoretical interest, holds much relevance for technological appli-
cations. Properties of emulsions, dispersion of contaminants in the atmosphere
and ocean, sedimentation, and mixing, ate just a few examples. Chaotic advec-
tion is the complex behaviour a passive scalar — a fluid particle, or a passively
advected quantity such as temperature or concentration of a second tracer fluid
— can attain, driven by the Lagrangian dynamics of the flow. The surprise is
that even laminar flow at low Reynolds number is capable of producmg such
complex behaviour. The importance of chaotic advection lies not least in the
enhancement of transport it produces. In this respect, one can single out the
phenomenon of resonance-induced dispersion in three-dimensional laminar flow
for special attention. Here we report on recent theoretical progress in the un-
derstanding of resonance-induced dispersion and its importance for mixing and
transport. We speculate on possible applications to geophysical flows.

ON THE STATIONARY SPECTRA OF WEAKLY
NONLINEAR INTERNAL GRAVITY WAVES IN 2 AND 3
DIMENSIONS

P. Caillol and V. Zeitlin
LMD, BP 99, Université P. et M. Curie, 4,
France.

pl. Jussieu, 75252 Paris,

The weak turbulence approach consists in using perturbation theory in
wave amplitude and Gaussian statistics for an ensemble of weakly
nonlinear waves in order to get a kinetic equation for the wave
amplitude density. We apply this technique to the internal gravity
waves in the Boussinesq approximation and generalize the earlier
results [1] obtained for the case of unidirectionally propagating plane
waves. Both 2d case of planar waves and 3d case (the Craya - Herring
basis is used in this latter case) are studied. The essentially anisotropic
(in vertical and horizontal components of the wavenumber)
Kolmogorov - type energy spectra are found from the stationary
solutions of the kinetic equations. These spectra may provide an
alternative explanation of the ”-3” spectra in vertical wavenumber,
widely observed in the atmosphere

References
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THE LIFE CYCLE OF A S'I“R.ATIFIED SHEAR LAYER

C. P. Caulfield (1) and W. R. Peltier (2)

(1) Centre for Environmental and Geophysical Flows, School of Mathematics,
University of Bristol, University Walk, Bristol BS8 1TW UK., (2) Department
of Physics, University of Toronto, Toronto ON M5S 1A7 Canada

We investigate the detailed nature of the “mixing transition” through which
intense turbulence may develop in stratified free shear layers. We explicitly
quantify the time—evolving irreversible mixing which occurs within the flow,
which requires us to consider in detail the evolution of streamwise vortical
streaks, which develop once the primary Kelvin-Helmholtz billow saturates.
Using the numerical data from a sequence of three-dimensional simulations
with varying stratification, we accurately track the nonlinear amplification of
these intermediate coherent structures, verifying that they are well-predicted
by secondary stability analysis, and are due to a convective destabilization of
the periphery of a Kelvin—Helmholtz billow. At all times we calculate the mini-
mal potential energy of the system accessible by (notional) adiabatic rearrange-
ment of fluid parcels, and so quantify continuously the irreversible “mixing”.
The nonlinear amplification of the streamwise vortices is driven principally
by the mean shear. Vortex stretching leads eventually to a violent subcritical
vortex-vortex collision which drives the dominant mixing process in the flow
life cycle. An appropriate definition of the “mixing efficiency” implies that the
irreversible small-scale mixing of the density which is triggered by shear layer
transition leads inevitably to a density “staircase”, with regions of well-mixed
fiuid separated by narrow regions of relatively strong density gradient.

INTERNAL WAVES, TURBULENCE AND DISCONTINUITIES
IN A STRATIFIED WAKE

Yuli D. Chashechkin

Institute for Problems in Mechanics RAS, 101 prospect Vernadskogo, Moscow,
117526, Russia.

chakin@ipmnet.ru/Fax: [7] 095 938 2048

Schlieren devices, dyeing, density markers, probes and echosounder are used
for studying of a 3D and 2D stratified wake in laminar, vortex and turbulent
regimes. Effect of self consistent high gradient interfaces on wake geometry is
studied in details. Due to the intensification of the initially weak stratification
(up to 150 times past a cylinder) these high gradient interfaces determine the
flow geometry, instability, and transport of contaminants. These interfaces form
envelope of a density wake, shell of vortices and on soaring discontinuities inside
internal waves. Soaring interfaces are treated as internal boundary currents in
a fluid interior. They are formed due to separation of the boundary current
and interaction of large scale elements of motion. Several types of small and
la.rge scale instabilities are identified. Extended classification of flow regimes
is presented. Besides the active turbulence the "structural turbulence” when
complicated relief of isopicnes is formed on the background of smooth velocity

profiles is observed. Optical and acoustical images of the active turbulence in-

a wake are different and mutually compliment each other. Description of the
observed flow is based on scaling analysis complete set of equations and bound-
ary conditions. Appropnate ratios of five basic and combined scales describe
boundaries on the flow regimes diagramm.

OBSERVATIONS OF TURBULENCE AND MIXING IN CLOUDS
AT THE CENTIMETER SCALE

L. Chaumat(!) and J.-L. Brenguier(!)
('METEO-FRANCE (CNRM/GMEI), Toulouse, France
chaumat@cnrm.meteo.fr

Airborne measurements of turbulence in the atmosphere are presently limited
to scales larger than a few meters for the dynamics. In clouds, droplets can be
considered as tracers of the fine scale motions and new airborne spectrometers
provide a unique way of analysing turbulence at scale as small as a centimeter.
Such processes are of crucial importance for the evolution of the droplet spec-
tra and the onset of precipitation. Various numerical studies of this process
have been conducted with direct numerical simulations (DNS) showing that the
droplet inertia in small scale vortices should generate concentration inhomo-

* geneities much more significant than a basic droplet random distribution should

do. The consequences are strong dispersion in the droplet spectra and an in-
creased precipitation efficiency in clouds. Statistical analysis of the series of
droplets counted with a new spectrometer will be presented. They show on the
contrary that the droplets seem to be randomly distributed without any pref-
erential concentrations. These results are important for the description of the
coupling between turbulence and inertial particles.at large Reynolds numbers
and low Stokes numbers, conditions that are difficult to simulate numerically.

GRAVITO-INERTIAL WAVES IN A ROTATING STRATIFIED

SPHERICAL SHELL

Dintrans B. (1), Rieutord M. (1,2) and Valdettaro L. (3)

(1) Observatoire Midi-Pyrénées, 14 av Edouard Belin, Toulouse, France,
(2) CERFACS, 42 av. Coriolis, F-31057 Toulouse, France, (3) Dipartimento
di Mathematica, Politecnico di Milano, Piazza L. da Vinci, 32, 20133 Milano,
Ttaly.

dintrans@obs—mip.fr/Fax: [33] 561 332 840

‘We present computations of axisymmetric eigenmodes of a stably stratified ro-
tating spherical shell. The spectrum is divided into four classes corresponding to
ellipsoidal and hyperboloidal turning surfaces. A spectral band of regular modes
leading to smooth structures has been found but the majority of modes is sin-
gular with structures featured by a web of characteristics. These characteritics
generated by an Ekman layer singularity reflect both on the turning surfaces
and the boundaries. Many of these patterns are space filling but some limit
cycles on which characteristics are attracted can be found. These attractors
are the best candidates to transport chemical elements or angular momentum
in the non linear regime. The discovery of geometrical focusing corresponding
to a focusing of energy towards particular corners suggests that many modes

should disappear without efficient dissipative process. Asymptotic behavxours )
" at weak viscosity are then discussed.

MOLECULAR DIFFUSION OF PASSIVE ADMIXTURE IN STRAT-

IFIED FLOWS

V. P. Dokuchaev

Nishny Novgorod State University, N. Novgorod, Russia.

vpdert .unn.xunnet .ru/Fax: [8312] 65-64-16 .

Geophysicists have long been aware that laminar motions are murludly affected
on the molecular transfer of temperature and concentration of passive species.
Here we consider the influence of nmple streamline flow on the admixture
diffusion. The concentration of passive admixture n(n, t) is governed by the
well known equmon

2‘—2 + divnv — DAn = q(il, t), ‘ (1)
where D is the molecular diffusivity, v(R,t) is a velocity vector which may be

prescribed arbitrarily, ¢(R, ¢) is the prescribed distribution-function of admix-
ture sources. Let us assume that v is a simple vortex flow

v=(atpm. | @

Here o and § are costantes, X, is the unit vector of x axis. The general solution

Eq. (1) may be expressed by means of some generalized Airy int.egrd Some
particular sclutions of Eq. (1) with v from (2) are considered in detail, e.g.
s Green function of Eq. (1). The influence of simple vortex flow (2) on the
molecular diffusion have been clarified to a large degree.

THREE-DIMENSIONAL STRUCTURE OF BREAKING
MOUNTAIN WAVES

O. Eiff (1) and P. Bonneton (2)
(1) Centre National de. Recherches Meteorologxques, Toulouse, France,
(2) D.G.O., Universite Bordeaux 1, France.

Flow of a uniformly stratified fluid over a mountain leads to stationary lee-
waves, For sufficiently high mountains the lee-wave situated above the mountain
becomes gravitationally unstable and breaks, resulting in a localized turbulent
zone. The ensuing flow is characterized by a considerable increase in drag and

a strong acceleration of the fluid between the breaking zone and the mountain. ‘

To examine the instability leading to this condition and the resulting new flow
configuration, two- and three-dimensional mountains were towed in linearly
stratified saline solutions. After an initial steepening period, the streamlines
associated with the lee-wave are eventually forced to overturn into an S-shape.
Clearly, a condition of static instability is reached in this region of the flow. Sur-
prisingly, the instability following this condition is strongly three-dimensional,
even in the case of a two-dimensional mountain. As the maximum upstream
deflection of the streamlines becomes horizontal, the streamlines deflect simul-
taneously in the spanwise direction. A short time after, the fluid rolls-up into
toroidal vortex structures with significant vorticity components in all three co-
ordinate directions, in contrast to a Kelvin-Helmholtz roll-up. Unlike the usual
coherent structures found in a stratified environment, the characteristic vertical
scale of these vortices is of the same order as the horizontal scale.
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DISPERSION IN THE STABLY STRATIFIED
ATMOSPHERIC BOUNDRY LAYER

D. Etlmg

Institut for Meteorology and Climatology, Umversxty of Hannover,
30419 Hannover, Germany
etling@muk.uni-hannover.de/FAX:++49-511 762 4418

Dispersion of trace substances in the turbulent boundary layer of
the atmosphere is of major practical interest for environmental prob-
lems. Whereas dispersion in homogenous background turbulence is well
understood, stable stratification adds much complexity to the problem.
This is not only due to unisotropy of stratified turbulence but also due
to effects of intermittency, internal waves, inversion layers or inertial
oscillations which can be observed in the atmospheric boundary layer.
We will discuss the influence of these effects on the dispersion of trace
substances by means of numerical simulations and observations.

FLUID TRANSPORT BY COHERENT VORTICES

J.-B. Flér (1) and 1. Eames (2)

(1) Laboratoire des Ecoulements Géophysique et Industriels, UJF-CNRS-
INPG, B.P. 53X, F-38041 Grenoble Cedex, France, (2) School of Mathematics,
University of Bristol, Bristol United Kingdom.

Propagating vortices have a significant impact on mixing processes in the ocean,
in coastal regions, the surf zone as well as large-scale processes in the atmo-
sphere. We focus on the drift component of fluid transport by an isolated vortex,
and demonstrate that this is the dominant contribution to fluid transport. The
transport properties of coherent vortices propagating on an f-plane are studied
experimentally by examining the distortion of a series of dye-lines. The obser-
vations are compared with a model based on characterizing the flow around
the vortex as irrotational flow past a rigid cylinder of volume V. For a dipolar
vortex, the measurements made of the volume of fluid permanently displaced
forward agree to within 20% of that predicted by Darwin’s (1953) proposition,
namely that the vortex will displace a volume CpV forward, where Cpr = 1
for a Lamb's dipole.

On the S-plane the displaced amount of fluid acquires relative vortxcnty which
interacts with the original monopolar or dipolar vortex propagating on the g-
plane. Using a similar approach as used for dipoles on an f-plane, estimates for
‘the amount of generated vorticity are made for these vortices moving on the
B-plane. The results are applied to give new insight to the effect of vortices
in enhancing diffusion, and the secondary flow generated by the transport of
ambient potential vorticity.

A NUMERICAL STUDY OF 3D GRAVITY WAVE
BREAKING OVER A 2D OROGRAPHY

F. GHEUSI and J. Stein (METEO-FRANCE, CNRM/GMME/Relief,
42 av. Coriolis, 31057 Toulouse, France)

Numerical snmulatlons with the nonhydrostatic anelastic model Meso-
NH are carried out to reproduce an experiment in a hydraulic tank,
realized in CNRM by O.Eiff, of stratified flow past a 2D mountain ridge
generating a gravity wave breaking. The simulated dynamics is very
realistic compared to the observed one. Particularly, we study why the
2D breaking is unstable with respect to 3D disturbances, leading in the
breaking zone to a 3D turbulent dynamics. As soon as quasi stationnary
turbulence is reached, we show that 3D eddies have aspect ratios about
1 and the size of the breaking area, whatever the shape of the initial 3D
disturbance. We study this 3D dynamics with a spectral method ; in
the case of harmonic disturbances, we point out a coherent production
of harmonics mainly due to the non linear term of tranverse advection.
We conclude that this 3D dynamics is featured by some aspects of clas-
sical thermal convection, and seems to evolve quite independently from
the 2D wavy dynamics, as soon as the latter has produced convective
instability in the breaking area.
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THE BEHAVIOR OF DIFFERENT NUMERICAL SCHEMES FOR
PASSIVE TRACER ADVECTION

M. Hecht (1) and B. Wingate (2)

(1) National Center for Atmospheric Research, P.O. Box 3000, Boulder, Col-
orado 80307, USA, hecht@ucar.edu, (2) National Center for Atmospheric Re-
search, P.O. Box 3000, Boulder, Colorado 80307, USA, wingate@ucar.edu.

Different numerical schemes for advection can produce significantly different re-
sults within ocean models. Numerical errors are particularly large where either
currents are under resolved or features in the advected field are under resolved.
In the low resolution configurations of ocean models which must necessarily be
used today for climate study, poor resolution is inescapable. Even in the highest
resolution basin scale models one finds that certain features are seriously under
resolved. We present results of tests of advection schemes within the simple
gyre circulation described by Stommel (1948). Within this time-independent
gyre the behaviour of the various advection schemes is clearly evident, unob-
scured by other processes. Schemes considered include most of those used in
primitive equation ocean models today. New aspects of this presentation in-
clude an improved configuration of the Stommel Gyre which challenges the
multidimensional performance of the schemes, and the use of a closed form so-
lution which has been derived in order to produce the exact final state solution
against which the performance of the numerical schemes is measured.

Mixing and Reaction in Stratified Flow: Lagrangian PDF Methods

Stefan Heinz
Delft University of Technology, Faculty of Applied Physics, Heat Transfer Section
Lorentzweg 1, 2628 CJ Delft, The Netherlands, Email: heinz@wt.tn.tudelft.nl -

The description of mixing and reaction of species in stratified turbulent flows is of
considerable practical relevance. Turbulent mixing processes determine, e.g., the onset
of the algae bloom, which is a remarkable problem in the North Sea region. In the
atmosphere, the mixing and reaction between emitted nitric monoxide and background
ozone has, ¢.g., a considerable influence on the air quality. The simulation of transport
and reaction of species by means of Lagrangian PDF methods offers essential
advantages over Eulerian approaches. First, Lagrangian methods are able to describe
important processes as for instance chemical reaction without approximations, and to
simulate turbulent mixing processes without ad hoc assumptions on entrainment.
Second, the structure of these codes is extremely simple, and the number of
independent variables may be considerably smaller than in Eulerian closure methods.
These advantages of Lagrangian PDF methods will be described and illustrated.
Examples are considered related to buoyant flows and the ozone chemistry in the
atmospheric boundary layer. Additionally, the results of some first applications of
these methods to the algae bloom problem are shown. In particular, it is demonstrated
that these methods are well suited to describe the strong variations of the mixing
intensity in different stratified turbulent flows.

INERTIA-GRAVITY WAVES IN THE LOWER STRATOSPHERE:
OBSERVATIONS AND RAY-TRACING

A. Hertzog, C. Souprayen and A. Hauchecorne
Service d’Aéronomie du CNRS, F-91371 Verritres-le-Buisson, France.
albert.hertzogQaerov. jussieu.fr/Fax: [33] 1 69 20 29 99

In 1994, a wind lidar was installed at the Observatory of Haute-Provence (south
of France) by the Service d’Aéronomie. Specially designed for the study of
mesoscale dynamics in the upper-troposphere lower-stratosphere region, the
lidar provided regular data since this time. One of the most striking feature of
these observations is the quite continuous presence of inertia (low-frequency)
gravity waves with amplitudes which can reach up to 10 ms=!. Such waves
may induce large isentropic displacements due to their low-frequency and high
amplitudes and then be a source of stratospheric-tropospheric exchange.

In order to determine the mechanism which could generate those waves, a 3D
model of ray-tracing for inertia gravity waves was developped, which take into
account the different characteristics of tropopause disturbed situations (non-
stationarity, strong wind gradients). Backward simulations were made with
atmospheric fields coming from the ECMWF T-106 model and wave spectral
parameters estimated on the lidar data.

The simulations show a preferred backward propagation to tropospheric jet exit
region on the west flank of cut-offs low, which result from baroclinic activity in
the upper-troposphere. In those regions, the flow is strongly ageostrophic and
may excite inertia-gravity waves through geostrophic adjustment.



MIXING IN THE MIDLATITUDE’'S WIND-DRIVEN OCEANIC
CIRCULATION: DYNAMICAL PROCESSES AND VARIABIL-
ITY )

K. Ide (1), S. Wiggins (2) and C. Coulliette (2)

(1) Department of Atmospheric Sciences and Institute of Geophysics and Plan-
etary Physics, University of California, Los Angeles, Los Angeles, CA 90095-
1565 USA, (2) Control and Dynamical Systems 107-81, California Institute of
Technology, Pasadena CA 91125 USA.

kayoCatmos.ucla.edu/Fax: +1-310—206—5219

We study transport and mixing in the midlatitude ocean’s wmd dnven cir-
culation, using a 3-layer eddy-resolving quasi-geostrophic model. By applying
dyna.mxcal systems theory, mixing processes across the eastward jet between the
ocean’s cyclonic and anticyclonic gyre can be geometrically represented as the
Lagrangian dynamics of the invariant manifolds that define the boundary be-
tween them; mixing rate is computed explicitly. Our techniques are also applied
to examine regional mixing processes within each gyre, i.e., transport between
distinct recirculation cells. We also consider the role that mesoscale eddies, so-
called rings, play in the inter-gyre and regional mixing processes. Finally, these
components are combined to understand basin-scale mlxing processes with em-
phasxs on the connection between the wind-driven ocean’s variability and the
mixing processes.

SUPPRESSION OF VERTICAL DIFFUSION IN STABLY STﬁ.AT-
IFIED TURBULENCE

Y. Kaneda (1) and T. Ishida (2)

(1) School of Engineering, Nagoya University, Nagoya 464-01, Japan, (2) Mit-
subishi Electric Co., Ojika 3-18-1, Shizuoka 422 Japan.

kanedaQcse. nagoya-u.ac. jp

‘A simple spectral approximation which may explain a mechanism of the sup-
pression of the vertical turbulent diffusion of passive scalar in stably stratified
turbulence is presented.

For strongly stratified turbulence, the turbulent velocity field is well approx-
imated by a collection of Fourier modes (waves) each of which has its own
frequency depending on the direction of the wavevector. The proposed ap-
proximation suggests that the phase mixing among the Fourier modes having
different frequencies causes the decay of the Lagrangian two-time velocity auto-
correlation that determines the vertical diffusion, and this mixing results in the
suppression of single particle diffusion in the vertical direction. The suppres-
sion can occur in the absence of strong horizonta! turbulent mixing and the
reduction of the magnitude of the vertical velocity component.

The approximation is free from any ad-hoc adjusting parameter and shows that
the suppressxon depends on the spectra of the velocity and fluctuating density
fields. It is in good agreement with dxrect numerical simulations for strongly
stratified turbulence. .

RESEARCH OF DISINEGRATION OF INTERNAL WAVES
S. Kshevetskiy Kaliningrad State University E-mail: Sergeyks@theor.phys.ksu.kern.ru

The propagation of nonlinear internal gravity waves in stratified gas is investigated.
The model is two-dimensional. Analytical models show that internal waves can
disintegrate into solitary waves of well smaller scales. The waves formed are eddies in
essence. The sizes of formed waves can be extremely small. It depends on an initial
wave form and on a stratification. It is possible to interpret these processes as mixing.
The analytical outcomes are not quite strictly proved yet. They require independent
confirmation. Besides, it is interesting to simulate wave disintegration with the help of
direct integration of hydrodynamw equations. The special numerical model using
hydrodynamic equations, is developed. The outcomes of numerical simulation are
compared to analytical ones. The satisfactory coincidence of analytical and numerical
outcomes is revealed.

TRANSPORT ASSOCIATED WITH INTERNAL WAVE R.EFLEC-
TION AT A SLOPING BOUNDARY

M.-Pascale Lelong (1), James J. Riley (2) and Timothy J. Dunkerton (1)
(1) Northwest Research Associates, Bellevue WA, USA, (2) Umversxty of Wash-
ington, Seattle WA.USA.

Recent oceanic observations indicate enhanced diapycnal dissipation rates in
the vicinity of bottom topography (e.g. Toole, Schmitt and Polzin, 1997). High
levels of mixing and dissipation have also been noted in obeervations of inter-
nal waves incident upon the ocean floor, (Eriksen, 1982, 1985). When incident
waves propagate in an oblique ( non-normal) plane, a mean flow will be gen-
erated in the cross-slope direction. We investigate the phenomenon of internal
wave breakdown, the characteristics of the generated mean flow and the re-
sulting transport by means of high-resolution, 3-D numerical simulations. In
particular, we examine the role of wave frequency, intensity and direction of
propagation in the breakdown process for a variety of slope angles. The effect
of the earth’s rotation is also considered. .

This study extends the results of Slinn and Riley (1996, 1997) and constitutes
the first attempt at numerically simulating the incidence of oblxque waves on
sloping boundaries.

EXPERIMENTAL STUDY OF LATERAL DOUBLE DIFFUSIVE
CONVECTION

Vladimir V. Levitskiy

Institute for Problems in Mechanics RAS, 101 prospect Vernadskogo, Moscow,
117526, Russia.

levitskiGipmnet.ru/Fax: 7] 095 938 2048

Formation of convective current is investigated by optical (schlieren- and dye-
ing) and probes methods. Affects of sloping heat front and initial density gra-
dient value on the rate of the formation and scales are studied. The basic struc-
ture elements of convection (split boundary current, cells, heat front, dissipative
gravity waves) are studied. The pattern of the diffusion induced boundary cur-
rent on a sloping plane- is visualised. Mean height of the cells correlates with

the natural scale of the adiabatic ascent of heating liquid element. The propor-

tional coefficient value is measured under different sloping angles of the heater.
Rate of the structure formation is a nonmonotonic function of the heat front
inclination angle. With increasing of a buoyancy period process is delayed. The
front velocity weakly depends on external parameters of the problem. Hight of
dissipative gravity waves is defined. Experimental data are compared with re-
sults of Lie groups and asymptotic treatmg of the problem. An extrapolation of
results on natural conditions and compansons with observations in atmosphere,
ocean and some technological processes are conducted.

ANELASTIC MIXING: TRANSPORT BY WEAKLY COMPRESS-
IBLE FLOW

Richard M. McLaughlin

 Department of Mathematics, University of Utah, Salt Lake City, Utah, 84112,

USA.
rom@math.utah. edu/Fax: [+1] 801-581-4148

Many studies to date have focused upon the turbulent diffusion ofn passive
scalar in the presence of an incompressible fluid flow. This is quite natural asa
mesns for understanding mixing in turbulent environments for which the fluid
in question satisfies a zero divergence constraint. However, for many physical
environments, the fluid density is not constant, and may admit a non-trivial
adiabatic steady-state density profile leading to non-zero flow divergence con-
straints. Such is the case when considering the atmosphere over moderately
large vertical scales.

Here, we discuss a simplified model aimed at describing fluid flow in the pres- -

ence of large-scale density variation. We then derive effective equations gov-
erning the large-scale, long-time renormalized dynamics of a passive tracer dif-
fusing in the presence of this weakly compressible fiuid flow. We compare the
predictions of this theory with the analogous theory of homogenized enhanced
diffusivities for the constant density case and demonstrate some interesting dif-
ferences in the effective bulk transport of the scalar quantity specifically due to
the combined effects of the variable density profile and small-scale fluid motion.
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EXPERIMENTAL STUDY OF INTERNAL SOLITARY WAVES
BREAKING ON A SLOPE

H. Michallet (1) and G. N. Ivey (2)
‘(1) LEGY, Grenoble, (2) Centre for Water Research, UWA

michalle@hmg.inpg.fr

Long internal waves, primarily generated by tides in the ocean, propagate on
the thermocline into the continental margins and coastal zones. In lakes such
waves are generated in response to strong wind events and are an important
means of energy transfer from large scales down to small.

The shoaling and breaking of an internal solitary wave of depression were ex-
perimentally studied. The waves were generated with as large an amplitude as
possible in order to maximize the amount of energy involved in the experiment.
Various bottom slopes, thickness ratios and density ratios were investigated.
The mechanism leading to breaking is examined with the support of pho-
tographs and a PIV technique. Since the layer thickness ratio primarily controls
the length (Lw) of the solitary wave (for a given amplitude a), it is found that
the ratio of Ly, over the length of the slope determines the amount of energy
reflected from the slope. The estimation of the increase of the potential energy
allows us to compute the mixing efficiency of the breaking event.

INTERACTION OF WAVE-LIKE DISTURBANCES WITH HE-
LICAL TURBULENCE IN STABLY STRATIFIED PLANETARY
BOUNDER LAYER

S. S. Moiseev and V. G. Pungin
Space Research Institute, 117810 Moscow, Russia.
punginCmx. iki.rssi.ru/Fax: [7-095] 310 7023

Interaction of wave-like disturbances with helical turbulence in planetary
boundary layer is studied theoretically for the case when vertical shear of mean
gradient wind is sufficient to reach near-threshold value of gradient Richard-
son number based on this shear and on the buoyancy frequency determined by
mean density stratification. It is shown that in this case small-scale helical tur-
bulence in the boundary layer can cause instability of wave-like structures with

_ vertical scales intermediate between those of turbulent vortices and thickness of
the boundary layer and with much larger horisontal scales. In their turn these
structures can enhance the turbulence leading to the process of helical wave-
turbulent instability. Such a process may take place in the region of large ho-
risontal pressure gradients around developing tropical cyclones. The work was
partially supported by INTAS under grant 93-1194-ext. and by RFBR under
grant 96-02-19506.

CLIMATOLOGY OF INTERNAL GRAVITY WAVES IN A STA-
BLY STRATIFIED ATMOSPHERIC BOUNDARY LAYER

J.M. Rees (1), J.C.W. Price (1), P.S. Anderson {2} and J.C. King (2)
(1) Umversxty of Sheffield, (2) British Antarctic Survey, Cambndge
j-rees@sheflield.ac.uk/Fax: +43-114-3759

Internal gravity waves transport energy and momentum in the atmospheric
boundary layer. Under stable conditions they can significantly influence the
dispersion of pollutants. Thus it is of interest to investigate their properties
and the conditions under which they occur. Throughout 1991, the British
Antarctic Survey made an extensive set of boundary layer observations from
their research base at Halley, which is situated on the Brunt Ice Shelf, Antarc-
tica. Wave-like fluctuations were frequently detected. Since gravity waves at
the surface are most readily detected via pressure measurements, an array of six
microbarographs was designed specifically to operate under the extreme clima-
tological conditions prevalent in the Antarctic. Microbarograph observations
were supplemented with measurements from an instrumented 32m meterolog-
ical mast. A beamsteering technique was used to determine wave parameters
from the microbarograph data. A climatology for the gravity waves will be
presented. Such information is central to the evaluation of the statistical influ-
- ence of gravity waves on boundary layer dynamics.
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STATISTICAL ANALYSIS OF THE SURFACE CIRCULATION IN THE
ALGERIAN CURRENT USING ARGOS BUOYS :

José Salas, Emilio Garcia-Ladona and Jordi Font
Instituto de Ciencias del Mar, CSIC, Barcelona, Spain.
psalas@icm.csic.es /Fax: +34 3 221 73 40

A kinematic description of the surface circulation in the Algerian Current is
presented using the statistics of 3 months of trajectories of 17 satellite-tracked
drifters. The drifters were released upstream and across a coastal meander, between
0° and 1° E of longitude. They traveled eastward with an average speed of 9-10 cm/s
along the Algerian coast through an inhomogeneous field of mesoscale eddies (20
cm/s average fluctuation speed). The Lagrangian time scales are Tu, Tv=2.63, 1.44
days and Lagrangian space scales Lu, Lv=48, 23 km. The computation of single
particles dispersion is used to prove the validity of the theory of diffusion by
homogeneous random motion (Taylor's, theory) to describe these dispersive motions.

MIXING IN A STABLY STRATIFIED SHEAR LAYER

C. Staquet (1), C. Koudella (2) and K.B. Winters'(3)

(1) Laboratoire des Ecoulements Géophysiqués ‘et Industne!s BP 53, 38041
Grenoble cdx 9, France, (2) Laboratoire de Physique, ENS Lyon, 46 allée
d’Italie, 69364 Lyon cdx 07, France, (3) Center for Water Research, Univer-
sity of Western Australia, Perth, Australia.’

We have investigated the mixing properties of a stably stratified shear layer in
two and three dimensions, using a new analysis of mixing. Previous analysis of
mixing rely upon the advective flux of density, whereof oscillations are filtered
out by a temporal average in order to get the irreversible contribution associ-
ated with mixing. The new analysis we employ is based mstead upon the direct
computation of the diffusive flux of density. .

We shall show that, when the dynamics are strongly nonlmear, only the novel
analysis is able to provide estimates of mixing efficiency. When -the vertical
scales of the flow collapse and a weakly nonlinear regime is reached, predictions
by the analysis based upon the advective flux become possible and coincide with
those by the new analysis. The link between mixing and the flow dynamics is
quantified by a normalized turbulent diffusivity as a function of a Froude or
a Richardson number. We shall show that the same law is obtained whether
breaking waves or a stably stratified shear layer are considered, and this is
consistent with the latter flow being a local physical mode! of the former. This '
result has important implication as regards to parameterization of small scales
in large scale geophysical models.

EFFECTS OF DIRECTIONAL SHEAR WIND ON GRAVITY
WAVE DRAG

Maria Anténia Valente (Department of Meteorology, University of Reading, Earley
Gate, PO Box 243, RG6 6BB Reading, UK; e-mail: antonia@met.reading.ac.uk)

A mesoscale 3D non-hydrostatic, non-linear model (NH3D) was used to investigate
the effects of directional shear wind on orographic waves. Parametrizations of
Gravity Wave Drag (GWD) do not take into account the turning of the wind with
height, which can be greater than 120° in the very stably stratified Antarctic
boundary layer during winter. Our numerical simulations with idealised orography
and wind profiles have revealed that this effect can be relevant in several situations.
When wave breaking occurs in directionally sheared flows, it is spread in the
directions spanned by the wind, and extreme high drag states are moderated. On
the other hand, with directional shear, transitions to low drag states are delayed and
time variations of the surface drag are smaller. For flows with Froude number Fr =
U/INh = 1 (U - wind magnitude, N - stability, A - mountain height) or slightly
greater, directional shear induces higher drag states than unsheared wind profiles.
The numerical results also show that the magnitude of the surface drag decreases
when the depth of the directionally sheared layer increases. This result is specially
relevant in the Antarctic, where the depth of the sheared layer is of order 500m. A
comparison between these numerical results and linear theory will be presented .
Our results indicate that directional shear effects should be included in GWD
Antarctic parametrizations.



STABILITY AND ROLLOVER IN DOUBLE DIFFUSIVE SYS-
TEMS

W.B.Zimmorman end F.J.Ramsay _ S
Department of Chemical Engincering, UMIST, Sackville Street, Manchester,
M60 1QP, UK.. : .

Double diffustve systems, by which we mean bodies of moving or stationary
fluid subject to temperature and concentration gradients, occur in both natural
snd man-made systems, such as the oceans and liquid natural gas storage
respectively. Associated with double diffusive systems is the phenomenon of
rollover, In which two adjacent layers of liquid become equal In density and
mix rapidly, potentially causing & release of vapour pressure from the lower
layer. A doublo domaln spectral Chehyshev code has been written to siniulste
the convective flow of o fluid in o finite domain approaching rollover. The
initial stable state is & fluid layer of low species concentration overlying & luyer
of greater concentration, The body of fuid is subject: to heating both from the
side and the base. Cooling occurs at the top. Event ually the densities of the
layers become equal and rollover occurs, Various temperature Rayleigh numbers
are considered, and the simulations take placc within the laminar regime.
Within such convective systems are regions of shear, which can be simply re-
garded as stably stratified double diffusive Couctte flow. We have obtained
neutral stability curves for the linear theory of such flows. Centre manifold
theory and two time scales have been used, in conjunction with the vertical
modes of the linear theory, to derive a wave evolution equution in the sheared
layer.

NP3 Transport and mixing in geophysical flows
Convener: Legras, B. - '

02 Turbulence and mixing in geophysical flows,
effects of stratification and rotation, convection,
effect of coherent structures, Lagrangian chaos

Convener: Redondo, J.M.

THREE-DIMENSIONAL INSTABILITY OF ANTICYCLONIC
BAROTROPIC VORTICES IN A ROTATING FLUID: LABORA-
TORY EXPERIMENTS . : '

Ya.D.Afanasyev and W.R.Peltier .
Department of Physics, University of Toronto, Toronto, ON, Canada M5S 1A7.

Ambient rotation can be a crucial factor for development of instability of small
and meso-scale vortices in the oceans and atmosphere and the subsequent tran-
sition to turbulence. New results from a sequence of especially designed labora-
tory experiments that focus on the instability of swirling anticyclonic flow will
be presented. The flow is created by a cylinder rotating in a fluid which is itself
initially in a state of solid-body rotation. The experiments demonstrate that
secondary motions with a well defined wave number appear in an annular region
surrounding the cylinder and are governed by the process of three-dimensional
centrifugal instability. The evolution of the secondary motions gives rise to
the appearence of tertiary motions - which are Kelvin-Helmholtz like vortices
that develop at the periphery of the annulus, thus creating a complex three-
dimensional structure in the unstable flow. If the rotating cylinder is withdrawn
vertically from the fluid, the instability rapidly destroys the core of the vortex
in a way that is consistent with the behaviour of unstable vortices observed in
previous laboratory experiments by Kloosterziel and van Heijst (J.Fluid Mech.,
223, 1992). The results of the experiments will be compared with the results of
recent numerical stability analyses by Smyth and Peltier (J.Fluid Mech., 265,
1994) and Potylitsin and Peltier {J.Fluid Mech., in press, 1997).

NONGAUSSIAN PROBABILITY DENSITY FUNCTIONS OF
SMALL-SCALE FLUCTUATIONS IN THE STABLY STRATIFIED
ATMOSPHERE

J.-R. Alisse and C. Sidi .

Service d’Aéronomie du CNRS Fort de Verrieres BP 3 91371 Verriéres-le-
Buisson France.

alisseCaerov. jussieu.fr/Fax: 33(0)1 69 20 29 99

We present experimental results about the probability density functions (PDFs)
of temperature and horizontal velocity small-scale fluctuations in the stably
stratified atmosphere using a data set composed of vertical profiles of energetic
atmospheric variables obtained by a balloon-borne instrumentation. Vertical
profiles of temperature and velocities small-scale fluctuations in the stable, free
atmosphere usually show a characteristic pattern of strong signal amplitude
vegions alternating with quite calm areas. Within strong signal amplitude re-
gions, energy spectra versus vertical wavenumber m often scale like m=5/3in
the metric wavelengths band, thus suggesting a turbulent inertial subrange, d la
Kolmogorov. Somehow less known is the fact that in the free atmosphere, calm
areas show energy spectra scaling like m=3, down to the instrumental noise
level. We consider fluctuations in the spectral band [2m — 20m]. We then show
that, for horizontal velocity, a same PDF shape of normalized fluctuations is
associated with a given dynamical regime (turbulent or calm), but differs from
the shape of the PDFs of fluctuations in the other regime. For temperature, a
same shape of PDF is obtained for both regimes. All those PDF's are nongaus-

sian, with tails scaling like exp=?1l°, e 1. .

MIXING LAYERS IN NATURE STREAMS.

Anisimova E.P., Speranskaya A.A. (Physical Departmant of Moscow State
University, Vorob’yevy Gory, 119899 Moscow, Russia, tel. 939 16 77).

Dolgopolova E.N. (Water Problems Institute, Russian Academy of Sciences,
Novaya Basmannaya 10, Box 231, 107078 Moscow, Russia, endol@iwapr.msk su

Period of coherent oscillations of velocity field in plane mixing layers in nature
streams is investigated. Two different mixing layers are considered: (i) at the lower
surface of the ice-covered flow in the Lake Baykal which is induced by the
overflowing Angara River (u=6m/s) and (ii) the flow behind the bottom sand wave
in the River Polomet (h=0.4m, B=25 m). Since the mean velocity profiles of the
mixing layers (i) and (ii) have the inflection point, the flows in these layers are
hydrodynamicaly unstable. The quasi-periodical character of the mixing layer is
accompanied by generation of coherent vortex structures. The period of oscillation
of mixing layer is calculated in a model of the plane mixing layer by solving
probability averaged Navier-Stokes equation. The total viscosity which is the sum
of turbulent and molecular viscosity, the pressure gradient and the initial velocity

ware assumed to.be constant and solution of the N-S eq. was obtained. The |

calculated profiles of mean velocity are in good correspondence with the measured
ones. The analysis of this solution shows that the product of the dimensionless
period and the total viscosity is constant. This fact is used to calculate the period of
oscillation of the mixing layer. The result of calculations for the oscillation period
of the mixing layer in the flow (ji) was shown to be in good agreement with the
value obtained by measuring of spectrum functions of velocity fluctuations.
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AN EVALUATION OF THE ASYMMETRY OF TURBULENCE
IN THE ATMOSPHERIC BOUNDARY LAYER

M. Bagliani ‘ _

Meteorologisches Institut, Universitit Hamburg, BundestraBe 55, 20146 Ham-
burg, Germany.

The aim of this work is the definition of some mathematical tools for the evalua-
tion of the spectral and spatial asymmetries present in atmospheric turbulence.
‘To this purpose, using the non local formalism of Transilient Turbulence The-
ory, five indicators of asymmetry are introduced. They are able to quantify the
global amount and the configuration of the asymmetry between the spectral
composition of upward and downward motions.

A conservation property is demonstrated, that allows one to calculate, in the
framework of Transilient Turbulence Theory, a basic state of turbulence that
does not depend on the symmetry properties of the configuration but only on
the total amount of turbulence. This invariant is used to normalize in a coherent
way the indices of asymmetry here proposed.

These indicators are applied with good results to ideal test cases and to tran-
silient matrices obtained with Large-Eddy Simulations by Ebert, Schumann
and Stull for convective and neutral Atmospheric Boundary Layer.

STRONG TURBULENCE AT AN AIR-WATER INTERFACE.

M. Brocchini (Istituto di Idraulica, Via Montallegro 1, Universit4 di Gen
Genova 16145, Italy) )

Building on the work of Brocchini & Peregrine (Proc.l Conf. on Wind-over-Wave
Couplings: Perspectives and Prospects, Inst. Maths. and its Applic. Salford,

Oxford Univ. Press , 1997) interactions of strong turbulence with an air-water

interface are analysed. These can be particularly relevant to predict momen-
tum and heat fluxes acroes the sea free-surface. This is particularly true when
turbulence is so strong to lead to the ‘splashing’ regime characterised by violent
mixing of gas and liquid. A range of flow regimes is inspected to derive a proper
scale-dependent description of the interactions. Increasing turbulent intensity
leads from a smooth surface first to a rippled surface then clearly developed
micro-breaking. Further increases in turbulent intensity lead to air entrainment
and drop formation giving a bubbly flow; eventually highly energetic turbulence
leads to a splashing regime. A common, yet poorly studied, flow regime is anal-
ysed in which surface deformations caused by patches of turbulent flow occur
in the shape of ‘scars’ (hence ‘scarified’ flow). A simple description of the water
flow regimes is given in terms of only two main parameters. The first is a typical
length ) representing either the size of the turbulent eddies or coherent patches
of vortical flow. The other variable used in this discussion is the loca! turbulent
kinetic energy density k defined in terms of the turbulent fluctuations u; as:
k = H{ujuy) where () is the ble average operator. The stabilising effects

. of both gravity and surface tension are analysed in the (), k) plane which is
also used to characterise the typical behaviour of each flow regime.

MODELLING CONVECTION IN THE MEDITERRANEAN SEA
WITH DIFFERENT TURBULENCE CLOSURE SCHEMES

Hans Burchard (1), Encho Demirov (1), Walter Eifler (1), Sergio Castel-
. lari (2) and Nadia Pinardi (2) .

(1) Joint Research Centre - Space Applications Institute, T. P. 690 1-21020
Ispra (VA), Italy, email: hans.burchard@jrc.it, (2) Istituto per lo Studio delle
Metodologie Geofisiche Ambientali, Via Gobetti 101, 1-40129 Bologna, Italy.

In this numerical study, the effect of different turbulence closure schemes for
parametrizing shallow and deep convection on intermediate and deep water for-
mation in the Mediterranean Sea is investigated. An annual cycle (year 1987)
including realistic forcing (ECMWF) is simulated for the whole Mediterranean
Sea by means of an OGCM using four different turbulence closure schemes: (i)
the k-¢ model, (ii) the Mellor-Yamada level 2.5 model (MY), (iii) the Deardorff
[1983] bulk mode! and (iv) simple convectional adjustment combined with con-
stant background viscosity/diffusivity. Two sites are investigated in detail: (i)
the Gulf of Lions (deep convection) and (ii) the Rhodes gyre (shallow convec-
tion). For these sites, comparative experiments with one-dimensional models
are carried out. It is shown that the 1D and the 3D models give similar results
if the same surface forcing is used and some corrections for advection of heat
and salinity are applied. The vertical structure of the water column calculated
with the k-e and the MY model is nearly indistinguishable due to the similar
structure of the models. The other two, more simple models give sufficient re-
sults for the water formation rates, but do not provide information about the
structure of the mixed layer.
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THE EFFECTS OF MARKOVIAN RANDOM FORCING AND
DISSIPATION IN 2-D TURBULENCE

J. Y-K. Cho and A. P. Ingersoll

Division of Geological and Planetary Sciences, Caltech, Pasadena, CA 91125,
USA.

jchoOgps.caltech.edu/Fax: (626) 585-1917

Results from over 500 high-resolution (up to 1024 x 512 grid-size), direct
numerical simulations of 2-D incompressible turbulence, with prescribed
random forcing, in spherical geometry are presented. Through a systematic
exploration of the numerical and physical parameter space, it is found that the
inertial range slopes can assume a range of values; the —5/3 value of the inverse
cascade range corresponds to only one set of simulation parameters, and hence
is not universal. In the physical space, the forcing generally overwhelms the
flow, restricting the size, coherence, and mergers of the vortices that emerge
for a wide range of amplitudes, scales, and correlation times (i.e., correlation
times long and short compared to vorticity injection timescale). In the case
with rotation, the latter behavior produces a flow that does not correspond too
closely to observed planetary flows; a more physical forcing, one that interacts
in turn with the generated flow, is required for geophysical and planetary
applications. '

COHERENT STRUCTURES IN ICE COVERED SHALLOW FLOWS,

Debol'skaya E.|. (Water Problems Institute of Russian Academy of Science.
Novo-Basmannaya, 10, P.O.Box 231,107078 Moscow, Russia)

The purpose of the work is the attempting to explain the nature of ice
covered flows in shallow currents with non-linear system in nonequlibrium
condition and to show that non stability of the motion is connected not only
with streamlining of two solid roughness surfaces but with interaction of two
boundary layers in a central region of the current.

Numerous measurements show that In natural ice covered shallow current
we can meet the situation when two boundary layers are crossed more often.
In this case the picture of current is different from flow in tube with equal
roughness. The mixing layer appears on crossing boundary of layers
streamlining the surfaces with different roughness. This mixing layer is
characterised by bend point on vertical profile of mean velocity. It is
obviously that non zero turbulent shear stress (large Reynolds numbers) and
broad spectrum of velocity fluctuations must correspond to this region of non
stablility. To test this supposition we measured the fluctuations of longitudinal
velocity in ice covered flow at rivers Moskva and Desna.

Vortex structures in stably stratified rotating fluids
Adam M. Fincham

LEGI-CNRS Institut de Mecanique de G
fincham@img.fr FAX 33-4-76-87-97-93

ble, “Coriolis”, Grenobl

A stable linear density gradient supports a horizontal baroclinic torque
that promotes “layering” and a tendency for horizontal alignment of the
vorticity vector. The internal Froude number Fr=U/ND gives a measure of
the relative importance of the buoyancy forces, for Fr<1 there is very little
vertical motion and the flow is quasi 2D in nature. Uniform background
rotation promotes a vertical alignment of the vorticity vector when the
Rossby number Ro=U/fD is small. Rotation tends to increase vertical
coherence of structures while stratification confines structures to weakly
correlated layers. By exploiting the inherent anisotropy associated with
low Froude number flows a stack of horizontal slices is sufficient to fully
reconstruct the 3D vorticity field. Large vortices created in the 13 meter
diameter rotating platform Coriolis gain their Reynolds numbers from their
size and have very long turn-over times. These long time scales permit the
effectively instantancous acquisition of relatively large numbers (50) of
horizontal image slices. Full 3D vorticity fields are obtained in time using
the Correlation Imaging Velocimetry (CIV) technique. The vortex
dynamics is captured and parameterised as a function of the Reynolds,
Rossby and Froude numbers.



EFFICIENT REPRESENTATION OF COHERENT STRUC-
TURES BY TRANSLATION-INVARIANT ORTHONORMAL
WAVELET ANALYSIS

Aimé Fournier
National Center for Atmosphenc Research, Boulder, CO USA 80307-3000.
fournier@ucar.edu/Fax: [+1] 303 497 1700

Wavelet analysis (WA) techniques have been applied to an increasingly var-
ied range of geophysical fields over the past few years. A ‘problem’ with the
standard orthogonal WA has been observed, and sometimes caused strenu-
ous objections. WA is not translation-invariant, unlike Fourier spectra. Thus
the position of a spatially localized feature, such as a coherent structure, can
drastically alter the distribution of WA coefficients over scale and position, in-

troducing a kind of spurious scale coupling. A remedy for this is the orthogonal

translation-invariant WA, which selects an optimal new origin (“best shift”),
regardless of the ‘original’ origin. For instance, in an atmospheric block struc-
ture, from 60% to 90% of the isobaric height variance is explamed by just 1 to
3 wavelet coefficients, after applying the best shift.

OCEANOGRAPHIC IMPLICATIONS OF WAVE-INDUCED 'I’URBULENI‘
DIFFUSION :

Roman E. Glazman (1) and P. B. Weichman (2)
(1) JPL, Pasadena, (2) Caltech, Pasadena
reg@pacific.jpl.nasa.gov/Fax: 818-393-6720

Based on a recently developed theory of turbulent
diffusion by random waves, we present estimates of
horizontal diffusion coefficients for passive scalars
for two types of wave motions - baroclinic inertia-
gravity (BIG) waves and wind-generated surface gravity
waves on deep water. The wave diffusion effect, though
only of second order in the wave amplitude, is
comparable to the diffusion caused by random
fluctuations in the Stokes drift in nonlinear waves
considered earlier by Herterich and Hasselmann. The BIG
wave induced diffusion is shown to be negligible
compared to the usual, eddy-induced diffusion on the
largest scales. However, its relative :.mportance
increases at smaller scales (~ 10km) and it may
therefore significantly affect the subgrid diffusion
constant used as input to eddy resolving ocean
circulation models with mesh sizes on this scale.

JETS IN FULLY DEVELOPED BETA-PLANE TURBULENCE IN
A MULTI-LAYER MODEL

M. D. Greenslade and P. H. Haynes

Department of Applied Mathematlcs and Theoretical Physics, Cambridge, UK
CB3 9EW.

M.D.Greenslade@damtp. cam.ac.uk/Fax: [44] 1223 337918

Jets are a frequently occurring feature of many latge-scale geophysical flows and
have the important property that they tend to inhibit transport of fluid and
tracers across the jet, therefore acting as barriers to transport. This property
may be important in natural contexts such as the tropopause and the North
Atlantic Gulf Stream. These examples also show strong vertical variations in
cross-jet transport.

As a paradigm for jet structure and cross-jet transport, forced-dissipative sys-
tems have been examined in which the forcing represents a relaxation to a
baroclinically unstable state. Panetta (1993) showed how multiple zonal jets
develop in a two-layer, quasi-geostrophic, beta-plane system. Held & Larichev
(1996) gave a partial explanation for these results using scaling arguments and
proposed a scaling for the equivalent continuously stratified system.

The study reported here uses a multi-layer (equivalently, continuously strati-
fied) model to examine the jets. The transport properties of the jets are anal-
ysed using a combination of particle and tracer analysis. The results are com-
pared with Held & Larichev’s scaling arguments, and the vertical structure of
the jets and the mixing is examined. Implications for atmosphenc and oceanic
flows are discussed.

TRANSPORT DURING A STORM LIFE-CYCLE
IN A SIMPLIFIED GCM

J. von Hardenberg

(Istituto di Cosmogeofisica, Torino, Italy)

K. Fraedrich, F. Lunkeit

(Inst. of Meteorology, Univ. of Hamburg, Germany)
A. Provenzale

(Istituto di Cosmogeofisica, Torino, Italy)

We study tracer transport durlng a baroclinic
life-cycle. An individual life-cycle has been

isolated by introducing a small perturbation with
fixed wavenumber in the Eulerian ground pressure

field of a stationary baroclinic state of a

simplified GCM. The trapping and detrapping properties
of individual storms are examined and compared with
the behavior of barotropic and baroclinic quasi-geostrophic
vortices. The presence and the properties of transport
barriers is addressed, and the role of diabatic effects
is explored by comparing 2D and 3D simulations.

NONLINEAR FEATURES OF ROSSBY WAVE PACKET PRO- -
PAGATION ON THE 3-PLANE

U. Harlander
LIM, Institut fiir Meteorologie Universitit Leipzig,
Stephanstr. 3, D-04103 Leipzig

We consider rays of propagation and the local wavenumber evolution of
quasi-geostrophic barottopic Rossby wave packets on the S-plane. The
equations governing the evolution of the local wavenumbers and the propa-
gation paths of the wave packets are obtained from the dispersion relation
which is derived by substituting a WKB-ansatz into the linearized potential
vorticity equation. For particular basic flows, the wavenumber equations
can be decoupled from the group velocity. It is known that even in such
simple situations oscillations and bifurcations can be found in the so called
wavenumber phase space. We vary the problem by applying more general
basic flows where a decoupling of the wavenumber equations from the wave
packet path is not possible. In that case the solutions depend strongly on
the parameters of the model and can also be chaotic. Preliminary results
of different experiments will be presented.

AN ENSEMBLE APPROACH TO PREDICTING CHEMICAL
EVOLUTION IN CHAOTIC ADVECTION FLOWS

P.H. Haynes and D.G.H. Tan
DAMTP, University of Cambridge, UK.
P.H.Haynes¢damtp.cam.ac.uk/Fax: [+44] 1223-337918

A theory will be presented for predicting the evolution of chemical systems
where the reacting species are initially separated and brought together by stir-
ring and mixing in chaotic advection flows, i.e., flows where the large-scale
velocity dominates the stirring. This therefore includes large-scale atmospheric
and oceanic flows where effects of stratification and rotation dominate. .
The theory is based on considering the system as made up of a large number
of elements, each of which experiences a different stretching history. For each
element the chemical evolution is predicted by considering a canonical model
problem, which is just the chemical evolution in the absence of stretching, ex-
cept that the time is not real time, but an effective time that depends on the
stretching history. The chemical state of the whole system at any real time
is predicted by averaging over a large number of realisations of the canonical
problem, each evaluated at a'different effective time. The distribution of ef-
fective times is consistent with the distribution of stretching histories in the
flow.

Predictions from the theory are compared to explicit simulations of a range of
different flows, from simple shear flows to chaotic advection flows, and theory
and simulation show good agreement.
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PARAMETERISATION OF THE SEDIMENT
STRATIFICATION EFFECT ON FLOW DYNAMICS

B. A. Kagan (1), W. Schrimpf (2) and K. B. Utkin (3)

(1) Shirshov Institute of Oceanology, St.Petersburg Branch, 30 Pervaya
Liniya, 199053 St.Petersburg, Russia, (2) Space Application Institute,
JRC, 1-21020 Ispra (VA), Italy, (3) Russian State Hydrometeorological
University, 195196 St.Petersburg, Russia.

kgn@io.spb.su/Fax: 7] 8122 185 759

There is much evidence that von Karman’s constant in a sediment-
stratified turbulent flow decreases with increasing suspended sediment
concentration. This variability is apparent and represented nothing else
than a consequence of the influence of sediment stratification on the
mean velocity if the latter is approximated by the logarithmic law. How-
ever the concept of "the variable von Karman constant” may find ap-
plication as a convenient way of parameterising the effect of suspended
particles on flow dynamics. We present the dependence of von Kar-
man’s constant on the external parameters determining the vertical
structure of the sediment-bearing flow using, as the basis, a k-1 model for
the steady, horizontally uniform, sediment-stratified bottom logarithmic
layer in which the reference level and reference sediment concentration
are considered to be dependent on the excess shear bottom stress.

THE BREAKDOWN OF CYCLONE/ANTICYCLONE DEGEN-
ERACY IN JUPITER’S ATMOSPHERE: MODELING OF CLOUD
MORPHOLOGIES BY LAGRANGIAN PASSIVE TRACERS -

T. Kundu and P. S. Marcus -
Dept. of Mechanical Engineering, University of California, Berkeley 94720.

Clouds associated with Jovian anticyclones are tight and elliptical while those
of cyclones are filamentary and time-dependent. This has been used to argue
that the controlling dynamics on Jupiter must distinguish between cyclones
and anticyclones (and thereby rules out quasi-geostrophic (QG) models which
treat them degenerately). It was argued that the filamentary clouds of cyclones
cannot be the signature of coherent, long-lived vortices and therefore that 90%
of Jovian vortices are anticyclones, but this confuses instantaneous streamlines
with particle paths. Using the weakly-forced, weakly-dissipated QG equation
we calculate statistically-steady vortex streets with a forcing that mimics con-
vective overshoot from an underlying convection zone. Clouds act as Lagrangian
passive tracers, but they are created in regions of upwelling (anticyclonic vor-
ticity) and destroyed in regions of downwelling (cyclonic vorticity). Thus the
clouds themselves break the cyclone/anticyclone degeneracy although the QG
dynamics do not. For a small set of parameters both types of clouds are consis-
tent with those of Jupiter. This puts bounds on the amount of turbulence, the
magnitudes of the vertical velocities, and the strengths of these vortices, none
of which have been previously measured directly.

EMPIRICAL ORTHOGONAL FUNCTION ANALYSIS OF AL-
TIMETRY DATA OF THE ALGERIAN CURRENT: TOWARDS
A LOW-DIMENSIONAL DYNAMICAL SYSTEM MODEL.

C. Lépez (1) and E. Herndndez-Garcia (1,2)

(1) Instituto Mediterrdneo de Estudios Avanzados, IMEDEA (CSIC-UIB),
07071 Palma de Mallorca, Spain, (2) Departamento de Fisica, Universidad de
las Islas Baleares, 07071 Palma de Mallorca, Spain.

ERS-1 and TOPEX/POSEIDON altimetry data of the Algerian current are an-
alyzed in terms of empirical orthogonal function analysis (EOF) or Karhunen-
Loéve decomposition. The dynamics of the more relevant modes define a dy-
namical system which is analized in terms of correlations and mutual informa-
tion measures. We analyze the possibility of projection of a two-layer shallow
water model on the space spanned by the more relevant EOF modes in order
to obtain a simple dynamical system reproducing features of the data.

KINEMATIC SIMULATION FOR STRATIFIED FLOWS

F. Nicolleau and J. C. Vassilicos ) )
Department of Applied Mathematics and Theoretical Physics, Silver street,
University of Cambridge, Cambridge, CB3 9EW, ENGLAND.
fcgan2€damtp. cam. ac.uk/Fax: +44 (0)1223 33 79 18

Kinematic Simulations (KS) are Lagrangian models of dispersion that incorpo-
rate turbulent-like flow structure in every realisation of the Eulerian velocity
field. Individual trajectories integrated in individual KS Eulerian flow fields
are therefore smooth and comparable in character to experimental trajectories
seen in nature and the laboratory. Lagrangian statistics are taken over many
realisations of Eulerian flow fields. We present a modified version of KS in or-
der to model dispersion in stratified turbulent flows, with this new version we
can predict, in agreement with experimental and direct numerical simulation
results, the confinement of particle dispersion in the direction of stratification.
The modelling of dispersion in stratified flows is a delicate balance between
dispersion features in a quasi 2-D flow (z — y plan) and dispersion features in
the direction of stratification (z direction). To relate these dispersion features
to the topological properties of the flow we investigate 2-particle dispersion in
each direction and compare the dispersion laws to previous results obtained
for two and three dimension flows. We also investigate the dependence of the
9-particle dispersion on the power law of the energy spectrum E(k) ~ k2%
of the velocity field used in the KS simulation. Among other results, we can
show the limit of the locality assumption for 2-particle dispersion in stratified
turbulence.

EFECT OF TEMPERATURE AND SALT STRATIFICATION ON
TURBULENT MOTION

NIKISHOV V.1, NIKISHOV V.V.
e-mail: vin@ihm.kiev.ua

Non-homogeneities of temperaturé and salinity distributions are respon-
sible for the specific behaviour of perturbations in ocean. This is most pro-
nounced at small-scale interval, in which' the distinction of the rates of the
molecular temperature conductivity and salt diffusion can cause the anoma-
lous behaviour of the perturbations.

In the report two regimes of motion are considered. The first is the
regime of developed turbulence, in which the inertial interval exists. The spec-
trum of the refractive index fluctuations in water is studied. New expression of
the spectrum is found for local-homogeneous and isotropic turbulence. Its de-
pendence on the dissipation rates of the temperature and salinity fluctuations
and dissipation rate of turbulence energy is analized. The parametrization of
the rates is performed by using Boussinesq hypothesis. Calculations for par-
ticular distributions of temperature and salinity characteristic for some ocean
regions showed that the spectrum of refractive index fluctuation can have the
binary local extremum. The extremum is conditioned by the different contri-
butions of temperature and salinity fluctuations in refractive index fluctuations
and difference molecular coefficient of transfer.

ON THE DYNAMICS AND PATCHINESS OF POLLUTION IN A
TURBULENT ESTUARINE FLOW

A. H. Osbaldestin and J. R. Stirling_
Nonlinear and Complex Systems Group, Department of Mathematical Sciences,

Loughborough University,Loughborough, Leicestershire, LE11 3TU, UK.,
J.R.Stirling®Lboro.ac.uk/Fax: [44] (0) 1509 211869

We present two simple models (one 2+1 and the other 3+1 dimensional) of
transport and pattern formation in a 3 D turbulent fluid. This is achieved via a
top down and a template approach. The template is based on the fundemental
harmonics of the turbulent velocity field, or, in other words, a global cartoon
of the turbulent flow. We study the template using the techniques of chaotic
advection and the transport theories of Wiggins and MacKay-Meiss-Percival.
These ideas are then applied to the question of how a highly complicated or
random dynamical system (turbulent velocity field) can produce order in some
sense (eg. patches in a pollution cloud). In particular we look at the transport
and pattern formation of pollution in an estuary. We build a simple determinis-
tic model to understand the large scale transport of material and the formation
and leakage of patches within the pollution cloud. These mechanisms are of vi-
tal importance to pollution problems as these patches have a concentration in
excess of the average for the cloud and hence cause the most damage.




LARGE EDDY SIMULATION OF ENTRAINMENT IN PENE-
TRATIVE CONVECTION WITH AND WITHOUT ROTATION

Ole Petersen . )
International Research Centre for Computational Hydrodynamics, Agern Allé
5, DK-2070 Horsholm, osp@dhi.dk .

A Large Eddy Simulation (LES) numerical model is used to investigate con-
vectively driven turbulence with focus on the entrainment process and how it
can be influenced by the earths rotation. It will be shown that the model gives
a fair representation of the complex flow induced by the unstable surface con-
dition and also of the long term descend of the thermocline, when compared
to available data. Further, it is demonstrated that for conditions equivalent to
very deep mixing layers, the earth rotation may inhibit the entrainment, by
'what appears to be a restriction in the size of the roll-cells by a Rossby radius.
The conclusions are based on a series of numerical experiments that describe the
flow in a rotating containment with a homogenous buoyancy source overtopping
a stable stratification. They cover Rayleigh numbers of the order 10!, Rossby
numbers Ro = w. /(fh) from 1 to 0.05 and Richardson numbers Ri = N?/w?
from 1 to 50. The numerical model is non-hydrostatic with a finite volume
cartesian grid and a fractional step development, that solves coupled Navier-
Stokes equations and thermal transport with a second order accuracy. Subgrid
stresses are modelled using a Smagorinsky mixing length.

PARAMETRIZATION OF TURBULENCE AND ENTRAIN-
MENT IN PENETRATIVE CONVECTION

Ole Petersen (1) and Hans Burchard (2)

(1) International Research Centre for Computational Hydrodynamics, Agern
Allé 5, DK-2970 Horsholm, osp@dhi.dk , (2} Joint Research Centre - Space
Applications Institute, T. P. 690 -21020 Ispra (VA), Italy.

The entrainment below a shear-free unstable surface layer may be seen as one
generic geophysical flow which involve mixing across stably stratified interfaces
and is therefore considered to be a relevant benchmark for mixing models in
OGCM’s. The set-up is convenient as it highlights the mixing process and
thereby the parametrization of the non-resolved processes.

The situation has been studied by many authors, but here we utilize recent
Large Eddy Simulation results and laboratory data and a 2-equation turbu-
lence closure model, based on the k-¢ model, as the basis for a parametrization
of convectively induced turbulence and the entrainment across a stable in-

NONLINEAR STRUCTURES ON. SATELLITE IMAGES OF THE BLACK
SEA.

S.V.Stanichny and D.M.Soloviev (Marine Hydrophysical Institute,
2 Kapitanskaya st., 335000, Sevastopol, Crimea, Ukraine) :

Five years full resolution AVHRR data set analyzed for the Black sea aquatory.
Detected wide range of the dynamic phenomena occurred in surface layer - eddies,
eddies chains, "like mushroom” currents and other coherent structures, frontal
unstability, transversal filaments, convection processes etc. Estimated main
parameters of these structures - life time, spatial size, typical velocities. Analyzed
scason variability of spatial patterns distribution and possible reasons of its
generation. Noted an existence of cold self current in west part of the sea and its
influence on advection processes. Satellite data compared with "in situ"
hydrometeorological measurements.

USING SATELLITE IMAGES TIME SET FOR INVESTIGATION DYNAMICS
OF THE BLACK SEA UPPER LAYER

DM.Soloviev and S.V.Stanichny (Marine Hydrophysical Institute,
2 Kapitanskaya st., 335000, Sevastopol, Crimea, Ukraine)

Satellite data give a possibility of observation investigated aquatory on
quasi-regular basis. Analyzed infrared AVHRR images from NOAA 12, NOAA 14
satellites for the Black Sea.
Short time interval (~6 hours) between images allowed to make computer movie.
This method of information presentation has some advantages for analysis of sea
upper layer dy Math ical formalization for such information is difficult
due to difference in spatial size of typical peculiaritics in surface temperature.
Presented computer movies demonstrating:
- upwelling generation and its interaction with current jet near Crimean coast;
- complex interaction of the coherent structures in East part of the Black Sea;
- exchange via Bosporous strait; )

| lation of the Black sea for different seasons. Estimated spatial and

terface. It is demonstrated that the model provides a realistic representation
of statistical characteristics of the turbulence in the mixed layer, as e.g. the
dissipation, and to some extend also of the vertical mixing that leads to the
entrainment. ’

The calibration cover geometrical scales from laboratory to oceanic scales,
Rayleigh numbers of the order 10! and Richardson numbers from 10 to 100.

ON ASYMPTOTIC BEHAVIOR OF A FORCED VISCOUS FLUID

Yuri N. Skiba
Centro de Ciencias de la Atmésfera, UNAM
E-mail: skiba@servidor.unam.mx

The nonlinear vorticity equation (VE) is used to analyze asymptotic behavior
of a viscous forced incompressible fluid on a rotating sphere. A size of the
bounded set that eventually attracts all VE solutions .is estimated taking
account the dissipation as well as the smoothness and spectral composition of
the VE forcing. In the case that the forcing is a homogeneous spherical
polynomial of degree n, invariant sets of the VE solutions and location of VE
attractors are studied analytically. Symmetric and asymmetric VE responses
to such a forcing are discussed, and sufficient conditions for the symmetric
VE attractor to be global are given. As an example it is shown that the global
VE attractor can cyclically change its structure from a zonal to a blocking-
like flow. It is also shown that the attractor dimension of the VE subjected on
a sphere to a quasi-periodic forcing is not limited above by the generalized
Grashof number and may grow with the polynomial forcing degree. The last
result is of meteorological interest, since shows that the search of a small-
dimension attractor in the time series of meteorological data is not justified.

kinematics parameters of typical structures.

DOUBLE-COMPONENT CONVECTION DRIVEN BY THE DIF-
FERENT BOUNDARY CONDITIONS : ’

N. Tsitverblit
Lamont-Doherty Earth Observatory of Columbia University.
naftaliCeng.tau.ac.il; tsit@rosie.ldgo.columbia.edu

" Ideology of conventional double-diffusive convection is generalized to apply

directly to the large-scale ocean processes through eddy-double-diffusion—
instabilities resulting from the unequal perturbed diffusion gradients form-

‘ing due to the different boundary conditions. In terms of this ideol-

ogy, the original problem considered by Welander [Tellus 414, 66 (1989)] is
analogous to the diffusive regime, while the inverse type of stratification
(Tsitverblit [Phys. Fluids 9(8) 2458 (1997)]) mimics the finger regime. This
latter configuration describes the double-component Langmuir circulation
problem (Leibovich [Ann. Rev. Fluid Mech. 15, 391 (1983)]) and, in combina-
tion with shear motion (induced, for example, by the horizontal nonuniformity
in the temperature distribution), may be relévant to the ocean thermohaline
circulation. Decrease of the ratio of the vertical and horizontal diffusion coef-
ficients in this case eventually causes formation of multilayered structures and
may affect the criticality of bifurcations. Like in conventiona! double-diffusive
convection, the instabilities are also produced under a combination of the hor-
izontal gradients, and this is demonstrated in application to laterally heated
stably stratified systems (Tsitverblit [Phys. Fluids, submitted]). Combinations
of the above effects arising when the gradients are applied between two inclined
planes and their relevance to the ocean are also discussed. :
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DIFFUSION OF TRACER PARTICLES IN 2 DIMENSIONAL
FLOWS WITH LARGE REYNOLDS NUMBERS

J. Bene (1) and H. Lustfeld (2)

(1) Institute for Solid State Physics, E6tvés University, Mdizeum krt. 6-8, H-
1088 Budapest, Hungary, (2) Forum Modellierung, Forschungszentrum Jilich,
D 52425 Jiilich.

h.lustfeldefz-juelich.de-

Apart from molecular diffusion - which is extremely small on atmospheric
length scales - there is no intrinsic diffusion in the atmosphere that would lead
to the mixing of pollutants. The mixing is caused by the currents themselves
and is particularly effective in highly turbulent ones. Here we investigate the
properties of this mlxmg for 2 dimensional currents. First we simulate highly
turbulent currents using an approximation along the lines of Grossmann et.al.
(cf. J. Eggers and S. Grossmann, J.Fluids A3, 1958 (1991)). Then we treat
pollutants as tracer particles in these currents and compute their spreading.
‘We discuss in particular the existence of the so called turbulent diffusion.

EULERIAN AND LAGRANGIAN STATISTICS
IN POINT VORTEX SYSTEMS

E. Carena, A. Provenzale

(Istituto di Cosmogeofisica, Torino, Italy)
J. B. Weiss

(PAOS, University of Colorado, Boulder, USA)

We study the relationships between Eulerian and
Lagrangian statistics in a system of point
vortices on the periodic domain. The trapping
properties of the vortices are ‘investigated and
the ergodicity of the passive particle motion
is studied.
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ASYMMETRIC TRANSPORT AND NON-GAUSSIAN STATIS-
TICS OF PASSIVE SCALARS IN VORTICES IN SHEAR

D. del-Castillo-Negrete

Scripps Institution of Oceanography, UCSD, 9500 Gilman Dr. 0230, La Jolla
CA, 92093, USA.

diego¢fawlty.ucsd. odu/Fax (619) 534—9820

Transport of passive scalars in a chain of vortices in a shear layer is studied using
a model motivated by the quasigeostrophic equation, and a discrete map model.
Surrounding the vortices there is a stochastic layer where particles alternate
chaotically between being trapped in the vortices, and moving following the
shear flow. Transport in the stochastic layer is asymmetric, and the statistics
of the passive scalar is non-Gaussian. In particular, there is anomalous advec-
tion, and anomalous {(non-Brownian) diffusion. The probability density function
(PDF) of particle displacements §z, P(dz,t), is asymmetric and broader than
Gaussian. At large times, P relaxes to a self-similar limit distribution of the
form t=7/2 f(X/t7/2), where X = 8z — (8z), f is a scaling function, and 4 is the
anomalous diffusion exponent. As a result, the moments scale as {X®) ~ 177/2,
We present a systematic study of the dependence of the mean, the variance,
the skewness, and the flatness, on the parameters controlling the asymmetry of
the flow. The PDFs of the duration of flight (motion following the shear flow)
events, and vortex trapping events, exhibit algebraic scaling. In some cases, the
flights correspond to Lévy flights. The results of the model are compared with
recent experiments on chaotic advection and Lévy flights in a rotating annulus.

TRANSPORT OF PROPERTIES BY AN INTENSE VORTEX INTERACTING
WITH A ZONAL FLOW OR ROSSBY WAVE

V.L. Dorofeev and G.K. Korotaev (Marine Hydrophysical Institute, 2 Kapitanskaya
st., 335000, Sevastopol, Crimea, Ukraine)

An intense vortex on a beta-plane transports fluid, heat and admixtures even if
there is no mean current. This transport realizes in western direction with a
meridional component of the displacement. A vortex moves in more complicate
way if it interacts with a mean zonal flow or a Rossby wave field. Numerical
simulations show some general features of the vortex transport properties in this
case. The potential vorticity gradient of the zonal flow influences the vortex motion
besides the pure advective transport. The vortex moves across the flow toward the
nearest potential vorticity extreme of the same sign and realizes transport of
properties in this direction. Trajectories, which were obtained in numerical
experiments with various parameters of the flow, were compared with the observed
trajectories of atmospheric tropical cyclones. The main types of the tropical cyclones
trajectories may be simulated as a result of an interaction of a vortex with a flow
and influence of a beta-effect. The transport properties of an intense vortex may be
strongly influenced by the Rossdy wave. Numerical experiments demonstrate that
an i vortex i g with a plane Rossby wave, can pass to irregular
oscillations nearby some equilibrium latitude. An intense vortex under the influence
of a beta-effect or interacting with waves or currents usually weakens and decreases its
size. It looses fluid particles from rotation around the center through narrow
filaments. Thus aside of the transport of fluid a vortex provides the mixing through
filament formation.

HYPERVISCOUS DYNAMICS OF TWO-DIMENSIONAL TUR-
BULENCE

V. HERBERT (1), M. Larchevéque (1) and C. Staquet (2)

(1) Laboratoire de Modélisation en Mécanique, Université Paris VI, France,
(2) M.E.G.I,, Grenoble, France.

herberthm.juuiou.tr/Fax: [49] 01 44 27 52 59

Two-dimensional turbulence has been investigated by many authors using a
hyperviscous operator. This dissipation operator, introduced by Basdevant et
al. (1983), parameterizes the unresolved subgrid scales. Recent studies by Mar-
iotti et al. (1994) and Jiménez (1995) have however put forward spurious effects
attributed to this hyperviscous operator. The purpose of the present work is
to investigate in detail these effects in comparison with simulations using an
ordinary laplacian operator.

For this comparison to be physically meaningful, we first introduce the concept
of flows that are "equivalent”, from a turbulent point of view. We next proceed
to comparison between equivalent flows, either simulated using an ordinary
laplacian diffusion or using a hyperviscous operator.

For this purpose, we analyse in detail the topology and distribution of coherent
vortices in the flow, by means of an automated vortex census based on a new
vorticity criterion proposed by Larchevéque (1993) and studied by Herbert et
al (1996). We obtain temporal scaling behavior for the several simulated flows.
Theses results are analysed in terms of intermittency and are compared both
to the scaling theory of Carnevale et al. (1993) and the numerical experiments
of Marteau (1997).




LAGRANGIAN NUMERICAL MODEL OF A BINARY MIXTURE AND
SEGREGATION PROCESSES

Sandro Longo®, Alberto Lamberti, DISTART Univ.of Bologna
. longo@idraulica.ing.unibo.it,alberto@idraulica.ing.unibo.it

Particle size segregation is a quite evident phenomenon taking place when initiatly
mixed particles with different size, mass density, shape, are subjected to shearing or to
any body force such as gravity or centrifugal forces. In debris flows, segregation
moves big stones from the bank and the bed towards the free surface and the center of
the stream and, by differential tranisport, to the front of the flood, with important
effects on the flow resistance and on the stream evolution. In the present work a
numerical model is developed in order to represent the simple particle movements in
a binary mixture of spheres flowing over an inclined plane. The main aim is to

- quantify the stresses and to model of the segregation phenomenon, andto relate the
forces acting on the different species to the gradient of concentration, the granular
température,the tensor of the velocity deformation. It is assumed that the spheres are
infinitely stiff; the collisions take place in an infinitesimal time and are only binary.
The statistic of particle movements and collisions allows the computation of the
profiles of mean velocity, of concentration and of pseudotemperature. The results
show a clear segregation of the small particles near the bottom, with big particles
floating over them. : .

LAGRANGIAN MODELING OF CROSS-EQUATORIAL AIR-
FLOW - STOCHASTIC RESONANCE IN A HAMILTONIAN
SYSTEM

N. Paldor and Y Dvorkin

Institute of the Earth Sciences, The Hebrew University of Jerusalem, Jerusalem,
91904 ISRAEL.

dvorkinovms .huji.ac.il/Fax: [972]2/566-2581

A Lagrangian model relevant to the planetary atmosphere is employed to study
the characteristics of horizontal cross-equatorial flow of particles subject to non-
linear Coriolis, and mean meridional pressure gradient, forces. The dynamics
associated with events of equator-crossing by particles is described by a Hamil-
tonian system with a bistable potential which has a local maximum at the
equator. In the absence of any additional forces this local maximum in pres-
sure prohibits particles from flowing from one hemisphere to the other. When
all other (i.e. in addition to the mean meridional pressure gradient) forces are
introduced into the system as stochastic forcing, modeled by Gaussian white
noise, anomalous diffusion up the mean pressure gradient occurs and parti-
cles launched in one hemisphere can cross the equator. Spectral estimations of
the crossing events show that at low noise intensity the spectral peak is low,
narrow and situated at low frequencies. At large noise intensities the process
becomes noise-dominated. Our results demonstrate the existence of an optimal
noise intensity where the signal-to-noise ratio of equator crossings exhibit a
sharp maximum. These results demonstrate, for the first time, the occurrence
of stochastic resonance in & Hamiltonian system.

AN EXPERIMENT ON TWO-DIMENSIONAL TURBULENCE IN
A MIXING LAYER

B. Pascal (1) and R. Moreau (1)
(1) EPM-MADYLAM, BP 95, 38 402 St Martin d’Héres Cedex, France.

An experiment is performed in a thin horizontal circular layer, in presence of
a vertical magnetic field, in conditions such that two-dimensionality is well
achieved. An external annulus rotates under the action of electromagnetic
forces, the middle part is at rest, and a circular mixing layer develops be-
tween them. This mixing layer is unstable and generates eddies aligned with
the magnetic field, which interact to transfer energy to larger and larger modes.
The central part of the bottom plate may be heated, whereas the external wall
is water-cooled, so that temperature behaves as a passive scalar transported
accross the mixing layer by this turbulence. MHD also offers a diagnostic tech-
nique, via the measurements of electrical potential differences at the bottom
wall, which yield core velocity and temperature. Profiles of the most important
quantities (mean velocity, temperature, rms of their fluctuations), correlations
and spectra are presented. They reveal the main features of this kind of tur-
bulence : a small number of large coherent structures fed by the inverse energy
cascade, energy spectra exhibiting peaks at low wave numbers and a small in-
ertial range characterized by either k=% or k=3 laws, a transport of heat much
less efficient than the transport of momentum. It is expected that this well
controled experiment may yield data which could be used to validate models
and better constrain the behaviour of 2D turbulent geophysical flows.

DISPERSION OF LIGHT LAGRANGIAN TRACERS IN PER-
TURBED 2D COASTLINE FLOWS :

C. Piccolo and E. Segre
DIASP, Politecnico di Torino, Italy. :
costanza@naima.polito. it/Fax: +39-11-564-6899

Light lagrangian particles, which do not follow the streamlines of the flow, are
generally captured in recirculation cells. We study numerically a two dimen-
sional channel flow with a sudden expansion, which can be taken as a paradigm
flow in a simple geometry and produces one recirculation zone after the opening.
The capture rate of tracer particles of different sizes and densities is computed.
Various perturbations are then superimposed to the incoming base flow, and
render it time dependent; the effect of these perturbations on the capture rate
is studied.

FLUCTUATIONS OF PARAMETERS OF CONTOURS CARRIED
BY A RANDOMLY MOVING INCOMPRESSIBLE MEDIUM

A 1Saichev and 1.S.Zhukova
University of Nizhny Novgorod, Nizhny Novgorod, 603600 Russia .
saichevers.unn.runnet.ru/Fax: {+7) 8312-656-416

Analysis of tracer’s diffusion in turbulent media is necessary for solution of
many problems in physics of atmosphere and ocean, and excites high interest.
However, the main attention has been attracted to evolution of tracer’s average
density or to analysis of single tracer particle’s diffusion. At the same time, the
investigation of probability properties gives more adequate description of many
significant peculiarities of density field. :

In this report results have been obtained from a study of the topographical
peculiarities of the passive tracer density in a randomly moving incompressible
medium. For these purposes the correlations between Lagrangian and Eule-
rian statistics of fields in turbulent media and formulas, which are connected
Lagrangian and Eulerian probability distributions of tracer’s density and Jaco-
bian are obtained. On the basis of these formulas the evolution of the length of
a contour of a constant tracer density and of the total gradient of the density
field are investigated. The expressions for the probability distribution of the
total gradient and it’s moment functions ate derived.

EVOLUTION OF THE PASSIVE TRACER CLUSTERS IN COM-
PRESSIBLE TURBULENT MEDIA

A.lSaichev and 1.5.Zhukova .
University of Nizhny Novgorod, Nizhny Novgorod, 603600 Russia .
saichevOr?.unn.runnet.ru/Fax: [+7] 8312-656-416

The most distinctive peculiarity of tracer in compressible chaotic moving me-
dia is the formation of cluster structure, i.e. the appearance of small regions
of high density, surrounding by broad regions of low tracer density. The well
known Large-Scale Structure of mass distribution of the Universe is the good
example of such kind structure. In this report some models of 1D and 2D com-
pressible media illustrating the arising and evolution of the clusters structure
are investigated.

The Fokker-Planck equations for the probability distribution function describ-
ing the fluctuations of the clusters width for the cases of 1D and 2D compress-
ible media are derived. It is shown that these equations have the stationary
solutions. It means that medium chaotically compressions prevent from molec-
ular diffusion action and lead to the clusters localization in time. The analysis
of these equations consequencies allows to find out the peculiarities of arising
and evolution of clusters structure.
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NEW TWO-DIMENSIONAL MODEL OF POLLUTION TRANS-
PORT IN BAROCLINIC FREE ATMOSHERE

K. G. Schwars and V.A, Shidynev
“Perm State University, Russia.
koschéaail.psu.rufFax: +7(3422) 333 983
Two-dimensional model, which describes large-scale processes, impurity trans-
fer and diffusion in free atmosphere, is derived. This model is the development
of shallow water theory for baroclinic atmosphere. Its derivation from three-
dimensional equations of a dry atmosphere and equation of transport and dif-
fusion of heavy impurity in local isobar system of coordinate within the static
and " - plane” approximation is asymptotically correct by application of long-
- wave approach. To close the averaging across layer equations we use the exact
* golution of the original three-dimensional problem for a linear depending of
temperature and geopotencial in the upper and lower boundaries. We investi-
gated the influence of advection to large-scale stmospheric flow circulation and
to pollution transport. The aim of our namerical experiments are the evalu-
ate of the weighted particles ti-umport in atmosphere from the large pollution
sources of industrial centres in the European part of Russia. The calculating
background of impurity concentratiom corresponds to results of observation.

NUMERICAL EXPERIMENTS FOR ADVECTION-DIFFUSION
SCHEMES : APPLICATION TO LARVAE TRANSPORT IN THE
ENGLISH CHANNEL.

H. Smaoui (1), A. Ouahsine (2) and A. Sentchev (3)

(1) Laboratoire de Géodynamique, URA 719, 59655 Villeneuve d’Ascq, France,
(2) L. M. L. - URA 1441, Paul Langevin, 59655 Villeneuve d’Ascq , (3) L.O.A -
Station Marine de Wimereux, Université du Littoral, 62930 Wimereux.
Abdellatif.OuahsineQuniv-1illei.fr/Fax: 03 20 33 71 53

A numerical model of tidal circulation was used to determine the P. flesus lar-
vae advection in the Eastern English Channel. The larvae spatial distribution
was observed during April-May 1995. As the vertical distribution of the larvae
in the water column was not specified, this enable a preliminary investigation
in the framework of a depth averaged model. The model is based on finite dif-
ferences schemes’ with ‘splitting up techniques, and usés a finer mesh size. In
order to reduce the numerical diffusion in the scalar transport model, we inves-
tigate different schemes. Comparisons are made between the upwind and Lax-
Wendroff schemes with more recent higher order schemes: Minmod, Superbee,
Van Leer and Centred-Monotone schemes. Numerical experiments show that
the upwind scheme is excessively damping. The Lax-Wendroff method exhibits
better amplitude preservation, but introduces the under and overshoots in the
numerical solution. The flux-limiters, when there are Total Variation Dimin-
ishing, reduce the numerical diffusion identified in the first order schemes. The

" Superbee limiter was found to be a good compromise between shape preserva-
tion and computational cost in the tracer advection model.
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SHEAR GENERATED MIXING PROCESSES IN ARCTIC
AND SUB-ARCTIC FJORDS

Jan_Erik_Stiansen® Harald Svendsen® Knut Finne® Vigdis
Tverberg”®

* Geophysical Institute, University of Bergen, N-5007 Bergen,
Norway.

* UNIS, N-9170 Longyearbyen, Svalbard

There are many preferences by studying small scale phenomenon in
fijords compared to similar studies in the open sea. Field
experiments, applying high resolving acoustic current meters (UCM-
40) and CTD, have been carried out in one arctic fjord (West-
Spitsbergen) and two sub-arctic fjords (Troms, North-Norway). The
investigations in the sub-arctic fjords was based on current
measurements from permanent rigs and a ship operated combined
CTD and current meter, while the experiment in the arctic fjord was
carried out through a hole drilled in the ice which covered the fjord.
The observed temperature, salinity and current showed a strongly
varying pattern both in time and space. Characteristic for all the
three fjords was the microstructure which appeared in the water
column in both the density and the current profiles. The results
indicates that shear generated turbulence most of the time is the
major source of turbulent energy to the mixing processes in all the
three fjords.

COMPUTATIONS OF IMPURITY TRAJECTORIES IN TWO-
DIMENSIONAL INCOMPRESSIBLE PERIODIC FLOWS

F. Tampieri (1), P. Paradisi (2) and S. Zauli Sajani (3)

- (1) Institute IMGA-CNR, Via Gobetti 101, 1-40129, Bologna, Italy, (2) Dipar-

timento di Fisica, Via Irnerio 46, 1-40129, Bologna, Italy, (3) Dipartimento di
Scienze dell’Ingegneria, Sezione Osservatorio Geofisico, Via Campi 4, 41100,
Modena.

The motion of impurities in two-dimensional, incompressible periodic flows
has been numerically investigated, in order to assess the questions raised by
previous authors, and to evaluate the importance of the various terms in the law
of motion. In the basic case of Stokes drag and inertia forces, it is recognized
that light impurities (i.e. impurities whose density is less than that of the
surrouding fluid) are captured by the vortex centre, and the time needed to
reach the centre is a function of the density ratio and of a time scale typical of
particle motion. For both the limits of very high viscosity and of inviscid motion,
this convergence time tends to infinity. For heavy impurities the diffusive and
ballistic regimes are distinguished, accounting again for a ’divergence’ time
scale, related to the impurity properties. Furthermore, the effects of Basset
memory force, of the lift, and of a different formulation of drag to account for
high Reynolds number are discussed for some examples.

Interplay of Fluid Dynamics & Plankton Population Dynamics in the Ocean

JLBrindley, Univ. of Leeds
Dept. of Applied Mathematics Univ. of Leeds, Leeds LS2 9JT, UK.

amtjb@amsta.leeds.ac.uk

Plankton is a collective term describing many species of small (usuatly 10™ - 107m)
plantlike, photosynthesising (phytoplankton, P) or animal like, herbivore
(zooplankton, Z) organisms. Growth needs a nutrient supply (N), together with
available radiation. Striking features of the population dynamics are its spatial and
temporal variability. Blooms, in which the population of P (and to a lesser extent Z)
increases by 1-2 orders of magnitude in a few days, occur at some times and places,
often unpredictably, and spatial patchiness is ubiquitous. Mathematical models
range from highly complex, amenable only to numerical simulations, to very simple,
allowing the possibility of some analytical understanding and hence predictive
properties. Here we report results from simple (NPZ) population models, comprising
coupled differential equations of excitable nature. Effects of non-uniform flow fields
on the dynamics of these mode!s are explored, both when the plankton is entirely
passive, and also when the zooplankton adopts feeding strategies involving relatlve
motion. Implications for blooms and spatial patchiness are discussed.



RELATIONS BETWEEN PHYTOPLANKTON AND TRACE METALS
Martine Corn (1) and Cécile Guieu (2). (1) Institut de Biogéochimie Marine,
1 rue Maurice Amoux, 92120 Montrouge. (2) Laboratoire de Physique et
Chimie Marine, 06238 Viliefranche-sur-Mer

Laboratory experiments were conductéd in order to’ describe the main

Jinteractions between phytopliankton and trace metals in the column water of

the Gulf of Lions. Two marine microalgae present in this environment, the
prymnesiophyte Emiliania huxleyi and the diatom Leptocylindrus danicus,
were grown in two- axenic seawater medium : (1) the F/2 medium and (2) a
seawater-like trace metals concentrations. The aim of theSe experiments is
to investigate the trace metals (Cd, Cu, Fe and Zn) distribution between the
dissolved and the particulate phases for these two species at the different
steps of the algae growth, in the two medium. On the contrary of Emiliania
huxieyi, the growth rate of Lepfocylindrus danicus Is maximum in the
medium enriched in trace metals (F/2). Lower trace metals concentrations
of the second medium induce a decrease with a factor 2 and 3 of the Chl a
levels for Leptocylindrus danicus and Emiliania huxleyi, respectively. These
experiments will allow us to determine the distribution coefficient Kd, the
relation between the phytoplankton and particulate trace metals. Results will
be included into the 1D water column model (Tusseau et al., 1997) currently
modified to describe the fate of these trace metals in the column water in
relation with the organic matter. (This work is part of the E.U Metro-Med
Project (MAST3-CT96-0049)). )

EFFECTS OF ADVECTION, MIXING AND SINKING ON SPA-

TIAL AND TEMPORAL EVOLUTION OF BIOCHEMICAL PA-
RAMETERS IN THE MEDITERRANEAN SEA

G. Crispi and A. Crise, R. Mosetti, C. Solidoro
Osservatorio Geofisico Sperimentale, P.O. BOX 2011 34016 Trieste, Italy.

In the Mediterranean Sea, average fluxes of matter have opposite directions in
the upper ocean, one being eastward oriented and the intermediate one, con-
trolled by LIW, westward. As a consequence fluxes caused by advection, mix-
ing and sinking velocity of particulate matter, strongly affect horizontal spatial
distribution and play a major role in giving rise trophic gradient. In‘this com-
munication, we investigate the effect of sinking velocity on spatial and temporal
evolution of biological parameters. Also the influences of advection and mixing
are analyzed. Numerical results are obtained with a three-dimensional hydro-

" dynamical ecological model, using a lumped variable description of the first

trophic level, while the transport processes are accounted for by a MOM-like

_ structure. They indicate that the sinking term originates a west-east gradient

on biological parameters, while large gyres determine the prevailing trophic
regime in the open ocean and upwellings/downwellings are most effective along
the coastal areas.

A MODEL STUDY OF THE EFFECT OF VERTICAL MIXING

~ ON THE MARINE ECOSYSTEM

H. Drange
Nansen Environmental and Remote Sensing Center, Edv. Griegsv. 3A, N-5037

Solheimsviken, Norway.
helge.drangetnrsc.no/Fax: [47] 55 20 00 50

A coupled 3-dimensional physical-biogeochemical ocean model is used to quan-
tify the effect of vertical mixing on the marine ecosystem in the Atlantic Ocean,
the Nordic Seas, and the Arctic Ocean. The physical model used in this study
is the Miami Isopycnic Coordinate Ocean Model MICOM, with a dynamic-
‘thermodynamic ice model, whereas differet nitrogen-based ecosystem formu-
lations are used. Three mixing processes -are examined: Mixed layer entrain-
ment/detrainment, convective mixing, and diapycnal mixing. For the latter
process, different parameterizations are tested, including vertical stability and
jsopycnic velocity shear dependent formulations. The presentation will focus
on the effect these mixing processes have on new, regenerated and export pro-
ductions in the open ocean, together with the air-sea exchange of CO;.

THE PHYTO- AND ZOOPLANKTON FlELbS OF THE ATLANTIC

Z.ZFinenko', S.A Piontkovski', R Williams and A.V.Mishonov’

! Institute of Biology of the Southern Seas, UKRAINE
2 plymouth Marine Laboratory, UNITED KINGDOM
3 Marine Hydrophysical Institute, UKRAINE

Data from 20 years (1970-1990) of expeditions to the Atlantic Ocean are summa-
rised in the form of macroscale contour maps. The chlorophyll a concentrations
from surface and mesozooplankton in the upper layer (0-100m) were analysed from
3000 and 1300 casts respectively. General agreement between chlorophyll concen-
trations and mesozooplankton biomass distributions was noted on an ocean basin
scale. The comparison of chlorophyli concentration within the surface layer for
some cruises and CZCS data was made for individual provinces. For the open ocean
there was significant correlation between in situ measured and satellite derived chlo-
rophyll concentration. There was a linear relationship between mean chlorophyll
concentration within the 0 to 10 m layer and mesozooplankton biomass within the 0
to 100 m layer for 9 biogeochemiical provinces for summed data between December .
to May and June to November. For certain provinces relations were established be-
tween primary production, phytoplankton and zooplankton biomass. Biomass of
phytoplankton and zooplankton were estimated for the biogeochemical provinces of
Atlantic Ocean. The total biomass of phytoplankton was éstimated at 100 min t C,
and that of mesozooplankton at 65 min t C. o

THE IMPACT OF MESOSCALE EDDIES ON PRIMARY PRODUCTION IN
THE NORTH ATLANTIC OCEAN: A MODELLING APPROACH

Y..Garcon (1), A. Oschlies (1,2), and J. Gunson (1)

(1) LEGOS/UMR5566/GRGS, Toulouse, France, (2) Institut fiir Meereskunde
and der Universitit Kiel, Kiel, Germany - : :
Veronique.Garcon@®cnes.fr/Fax: +33-5-61-253205

Physical influences on biological primary production in the Norﬁ\ Atlantic
ocean are examined by coupling a four-component ecosystem model of

" nitrogen cycling to an eddy-resolving seasonal general circulation model. A

series of sensitivity experiments shows the crucial role of an accurate
formulation of upper ocean turbulence and of advection numerics.
Subgridscale diapycnal diffusion strongly controls biological production in
the subtropical gyre, while an accurate description of subgridscale viscosity
is important in the equatorial region.

Assimilation of altimeter data from the combined TOPEX/Poseidon and
ERS-1 missions into this basin-wide high-resolution model is performed to
yield a more realistic representation of oceanic eddy activity. Results
indicate that mesoscale activity accounts for more than one third of the new
primary production in large regions of the subtropical and mid-latitude
North Atlantic. Variational assimilation of ocean colour data in this

coupled model is then conducted to constrain the modelled biological .

processes, and in particular to improve our estimation of poorly known
biological parameters at a basin scale.

COUPLED HYDRODYNAMIC ECOSYSTEM MODEL OF THE
BLACK SEA AT BASIN SCALE. FIRST RESULTS OF A HIGH
RESOLUTION 3D INTERDISCIPLINARY MODEL

M. Grégoire, J.M. Beckers and J.Nihoul S

GHER, BS5, Institut de physique, Sart Tilman, Université de Lidge, 4000 Lidge,
Belgium.

mgregoiretulg.ac.be/Fax: [32] 4 366 23 55

A hydrodynamical model of the general circulation in the Black sea has been
build up, using the GHER (GeoHydrodynamics and Environment Research)
three-dimensional, non linear, baroclinic, turbulent closure model. A miodel
with 5 km horizontal resolution and 25 vertical levels is used to compute the
typical seasonal cycle by forcing the model with climatological monthly mean
fields of temperature, salinity and wind stress at the air-gea interface. Fur-
thermore, the river discharges of the Danube, the Dnestr and the Dnepr are
taken into account. This high resolution model resolves the baroclinic instabil-
ities generated by the interactions of the boundary current with the coastline
geometry or with the continental shelf/slope topography. ‘

A simple ecosystem mode! defined by a nitrogen cycle is coupled with the hydro-
dynamical model. The state variables of this model are defined as those which
are necessary and sufficient to assess the effects of the physical processes, and
in particular of the boundary current instability, on the space time distribution
of the primary and secondary productions. ) ‘
The results of this 3D ecohydrodynamic model are compared with CZCS data
of surface chlorophyll fields collected during the period from 1978 to 1986.
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THE EFFECT OF HYDRODYNAMICS ON THE PHYTOPLANKTON
PRIMARY PRODUCTION AND SPECIES COMPOSITION AT THE
ENTRANCE TO THE GULF OF FINLAND (BALTIC SEA) IN JULY 1996.

I. Kanoshina (1), U. Lips (1) and K. Kononen (2)
(1) Estonian Marine Institute, Estonia (2) FIMR, Finland
inga@sea.ce/Fax: +372 6311069

A two-week multidisciplinary experiment at the entrance to the Gulf of Finland with
the aim to study the development of the late summer phytoplankton bloom and the
controlling hydrodynamic mechanisms was carried out in July 1996, During the study
period a clearly defined physical phenomenon - an anticyclonic eddy - was observed.
The formation of the anticyclonic eddy was clearly reflected in the horizontal patterns
of patchiness of phytoplankton. Diazotrophic cyanobacteria are favoured by low DIN
and DIP concentrations because of overcompetition with other planktonic organisms.
Proportion of cyanobacteria in the plankton community was the highest outside the
observed eddy. The presumed vertical fluxes in the anticyclonic eddy appeared to be
sufficient to control phytoplankton dynamics: the flagellates are favoured in case of
continuous vertical transport of nutrients and, therefore, the flagellates abundance was
higher in the centre and periphery of the eddy. Wind-induced vertical mixing was
instrumental in bringing nutrient pulses to the upper mixed layer outside of the eddy
and due to these pulses, temporal increases of phytoplankton (especially
cyanobacterial) production was confirmed. A good correlation between preceding day
wind speed and the phytoplankton primary production outside of the observed eddy
was found.

PROJECTED DISPLACEMENT STATISTICS IN THE
OCEAN ’

J.H. LaCasce (L.P.O., IFREMER, centre de Brest, B.P. 70, 29280 .

Plouzané, France; jlacasce@ifremer.fr)

Results from numerical models of unforced barotropic geostrophic
turbulence over topography suggest that horizontal mixing is pref-
erentially oriented along contours of the mean PV, here f/H(z,y).
This is most obvious if one considers displacement statistics in a co-
ordinate system defined by the isolines of f/H. Here, I discuss what
‘happens when one calculates such displacements for actual oceanic
floats, and, in addition, regional and vertical variations of the corre-
sponding statistics. The results indicate that oceanic mixing is also
anisotropic with respect to f/H, implying in turn that topography
affects the spread of tracer in large regions of the ocean. Certain
statistical aspects are suggestive of Eulerian flows observed previ-
ously in turbulence models. Furthermore, the results lead naturally
to simple parameterizations of horizontal mixing in the deep ocean.

THE INFLUENCE OF PHYTOPLANKTON ON THE MIXED LAYER AND
SURFACE HEAT FLUXES

P. Moreno, J-E. Huot
Space Systems Environment Analysis Section, European Space Research and

Technology Centre, European Space Agency -
Fax: +31-71-565 5420

The amount of light that is absorbed in the ocean is highly dependent on the
amount of phytoplankton present. In an ocean mixed-layer model the thick-
ness of the mixed-layer is sensitive to the amount of light that penetrates into
the ocean. Thus accurate modelling of the light absorption must be included
in ocean mixed-layer models. As a result, the mixed-layer thickness and sur-
face heat flux dependency on the phytoplankton concentration can be evalu-
ated.

The calculations carried out here to model the surface heat flux and the
parameters that describe the mixed-layer, are based on Niiler’s 1-D model,
with modifications to take into account the concentration of phytoplank-
ton.The absorption of incoming solar radiation is modelled accurately taking
into account the exact absorption properties of chlorophyll as well as a
dynamically varying concentration. The mixed-layer and the surface heat
flux are evaluated using a set of realistic boundary conditions with varying
windstress and incoming solar radiation.
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MODELLING ANNUAL PLANKTON DYNAMIC IN THE IONIAN SEA
(EASTERN MEDITERRANEAN)

E.Napolitano (1), T.Oguz (2) and P.Malanotte-Rizzoli (3)

(1) Istituto di Meteorologia e Oceanograﬁa, LU.N., Corso Umberto 1, 174,
80138, Napoli, Italy -

(2) Institute of Marine Sciences, M.E.T.U., Erdemli, Icel, Turkey
(3)Department of Earth, Atmospheric and Planetary Scierices,
Massachusetts Institute of Technology, Cambridge, USA

The annual cycle of the plankton dynamics in oligotrophic Mediterranean
pelagic ecosystem, referring to the Ionian sea, is studied by a one-
dimensional vertically resolved physical-biochemical upper ocean model,
coupled with the Mellor-Yamada level 2.5 turbulence closure scheme. The
biochemical model involves interaction between the inorganic nitrogen
(ammonium and nitrates), single phytoplankton and zooplankton groups
and detritus. As first step, under climatological forcing functions (wind-
stress, heat and salt fluxes, photosynthetic active radiance), the model
simulates main observed seasonal and vertical characteristic features as
cold winter convection and yearly evolution of the upper layer
stratification, the annual cycle of phytoplankton production with the
weak spring bloom and the subsurface phytoplankton maximum layer
stable in the summer - early autumn period.

PATHWAYS OF NUTRIENT SUPPLY TO THE OLIGOTROPHIC
SUBTROPICAL GYRE: A MODEL STUDY

A. Oschlies (1) and V. Garcon (2)

(1) Institut fiir Meereskunde, Kiel, D-24105 Germany, {2) UMR5566/LEGOS,
Toulouse, F-31401 France.

aoschliesQifm.uni-kiel.de/Fax: [+49] 431 565876

Episodic nutrient pulses by eddy-induced upwelling have been suggested to ex-
plain why geochemical estimates of nitrate supply to the euphotic zone are an
order of magnitude higher than biological and physical ones. The present study
investigates the nutrient fluxes into the light-lit surface layer of the oligotrophic
subtropical gyre with the aid of an eddy-resolving coupled biological-physical
model of the North Atlantic. The level of eddy activity in the model is varied by
assimilating altimeter data and by changing the parametrization of horizontal
friction. The role of eddies in fueling biological production is compared with
that of mean advection and different representations of subgrid-scale diapyc-
nal mixing. It is found that eddies contribute about one third of the nutrient
input into the subtropical Atlantic, but that they can not explain the large
observational discrepancies. However, even within the subtropical gyre we find
substantial regional differences in net nitrate supply, large enough to consis-
tently explain the different observations. The model results are discussed with
special emphasis on North Atlantic time series and process study sites.

MODELLING THE PHYTOPLANKTON SUCCESSION IN THE
BARENTS SEA.

S.S.Pugalova and V.A.Ryabchenko

Institute of Oceanology, St.Petersburg Branch, Russian Academy of Sciences,
30, 1 Line, 199053 St.Petersburg, Russia.

rya®io.spb.su/Fax: [7] 8122 185 759

There is some evidence that a succession towards a dominance of either of
two prevailing algal species (diatoms and Phaeocystis pouchetis) can occur
during the spring phytoplankton bloom in the Barents Sea. To clarify phys-
ical conditions at which the succession happens, a five compartment (diatoms,
P.pouchetii, zooplankton, detritus and dissolved inorganic nitrogen) ecosystem
mode! of the upper mixed layer (UML) is used. Two stages (solitary cells and

_colonies) of P.pouchetii development are considered, each stage of P.pouchetii

as well as diatoms being characterized by different growth rate parameters. The
model ecosystem is forced by the annual cycles of UML depth and sea surface
solar radiation. Effects of the presence of snow-ice cover and related changes in
the UML depth and solar radiation are studied. With a snow-ice cover, a heavy
spring bloom of P.pouchetii in May is developed, although diatoms dominate
before and after the bloom. With no snow-ice cover, diatoms dominate during
the whole vegetation period. The dramatic change in phytoplankton communi-
ty behaviour is connected with a decline in the growth rate of P.pouchetii after
the transition from the cell to colony stage: a decrease in solar radiation due
to the light absorption in the snow-ice cover does not allow them to reach high
concenttations before the transition. .



EDDY MIXING AND BIOLOGICAL PRODUCTION

" K. J. Richards and S. Spall ,
. SOC, University of Southampton, European Way, Southampton, SO14 3ZH,
UX.. : .

Ecological models of the upper ocean are often fitted to data by running a one
dimensional version of the mode! and tuning adjustable parameters. However
observations show that the physical, biological and chemical fields are very
variable in the horizontal. The variability at the O(10km) scale is caused by
the action of mesoscale eddies. Eddies mix water masses and produce vertical
movement, both of which affect biological production. The affects of eddies on
production need to be quantified in order that miore robust ecological models
can be formulated. ’ .

‘The effect of eddy action on production will be discussed. In particular results
will be presented from a modelling study of eddy action on production. An eco-
logical model is embedded into a physical model of an unstable oceanic front.
Production is increased by the ensuing eddying motion. There is also a down-

- ward flux of material increasing the effectiveness of the biological pumnp. It is
found that new production can be directly related to the vertical movement
of nutrients into the euphotic zone caused by eddy action. A parametrization
scheme based on the eddy transport scheme of Gent and McWilliams is devel-
oped and tested. the results are very encouraging and suggest a way of including
the effect of eddies on biological production in basin scale ocean models.

PARAMETER OPTIMIZATION OF A SIMPLE MARINE
ECOSYSTEM MODEL USING THE ADJOINT METHOD

" M. Schartau and J. Willebrand
Tnstitut fiir Meereskunde, Kiel, D-24105 Germany.
mschartau€ifm.uni-kiel.de

The modeling of interactions within a marine ecosystem requires information
on biological control parameters. In the present study we have attempted to
determine a set of various control parameters of a zero-dimensional bioclogical
NPH model (dissolved inorganic nitrogen, phytoplankton and herbivores) such
that it gives the best fit to observations. The adjoint method has been used

which is well suited for testing the consistency of biological dynamics with the -

relevant observations. Identical twin experiments revealed informations about
model sensitivities close to the reference parameter values. Certain parameter
combinations were found to be linearly dependent e.g. assimilation éfficiency
and the mortality rate of herbivores (zooplankton). The maximum grazing rate
and the prey capturé rate were redundant parameters for low chlorophyll con-
centrations. Assimilation of observation from different time-series stations in
the North Atlantic showed the dominal influence of the mixed-layer (ML) depth
variation. A monthly mean ML-depth variability results in model parameters
corresponding to a bottom-up control of the ecosystem, whereas the inclusion
of synoptic ML—depth variability leads to top-down control.

NEW PRODUCTION IN THE EQUATORIAL PACIFIC: A COU-
PLED DYNAMICAL/ BIOGEOCHEMICAL MODELLING

A. Stoens (1), C. Menkes (1), Y. Dandonneau (1), L. Memery (1) and N.
Grima (1) :
(1) Laboratoire d’Oceanographie Dynamique et de Climatologie, Paris, France.

A simple 3D biogeochemical model was coupled to a dynamical model in order
to simulate new production in the equatorial Pacific during 1992-1995. The bio-
geochemistry was modelled as a chlorophyll-modulated nitrate sink. The model
was able to reproduce the contrasting regimes of the equatorial Pacific: the bi-
ologycally poor warm pool region and the upwelled richer waters further east.
A sharp salinity front separates theses two regimes. The zonal displacements
of the front are associated with ENSO wind driven surface current variations.
The simulation shows that nitrate front separates the two regimes and this
front moves in phase with the salinity front. The model also shows that nitrate
front displacements are governed by oceanic circulation.

However, the nitrate concentrations are higher in subsurface waters than has
been observed in the equatorial upwelling region. Recent results of EqPac-
JGOFS strongly suggest that a significant part of the dissolved organic matter
escapes remineralization and is exported. Our biogeochemical model is thus
improved by adding an explicit dissolved organic nitrogen compartement.

MODELLING OF DEPOSITION/RESUSPENSION PROCESSES IN
THE ENGLISH CHANNEL ) .

G. THOUZEAU', C, CHEVALIER * and A. TEMPERVILLE®
' UMR CNRS 6539, IUEM, thouzeau @cassis-gw.univ-brest.fr

*Institut dc Mécanique de Grenoble, LIIG), 04 76 82 5271

* prescnt address: ORSTOM, cherthet@orstom.fr N

- ARSTRACT

Deposition and resnspension of particulate matter offshore Roscoff (western
inglish Channel), were studied by in sity measurements of scdimentation
rate and physical modelling of deposition/resuspension processes. Bottom-

* moored and frec-floating multiple sample programmable sediment traps

were deployed to measure the total downward sediment flux. Particulate
mattor sedimentation showed short-term variations which were partly related
1o tidal flow spced. Particle size distributions measured over the entire
deployments were quite similar at mid-depth and close to the botiom. It
mainly reflected the abundance of small particles in the scdimented material.
The transfer processes in the water column along with the deposition and

" sesuspension of particulatc maticr were modelled. Sediment production and

resuspension were evaluate from the fluxcs measured in scdiment traps. The
tesults obtained are very sensitive (o the physical parameter values (vertical
diffusion and particle fall velocity).

A ONE-DIMENSIONAL MODEL STUDY OF THE BIOGEO-
CHEMICAL SEASONAL CYCLES IN THE PO PRODELTA AREA
(NORTHERN ADRIATIC SEA). '

M. Vichi (1), N. Pinardi, M. Zavatarelli (1) and F. Frascari, C. Bergamini, G.
Matteucci, M. Marcaccio (2)

(1) IMGA-CNR, Via Gobetti 101, 40129, Bologna(BO), Italy, (2) IGM-CNR,
Via Gobetti 101, 40129, Bologna(BO), Italy.
marcello@imga.bo.car.it/Fax: [39] 51 6398132

A one-dimensional physical-ecological coupled model (Princeton Ocean Model
- European Regional Seas Ecosystem Model) has been succesfully implemented
in a coastal area directly influenced by the Po River. e .
Mixing processes are mainly determined by the interaction between the atmo-
spheric forcing and the river runoff. Comparisons with observations show that
the primary production seasonal cycle is reproduced with large discrepancies
during strongly mixed seasons (autumn-winter), and agreement during much
stratified periods (spring-summer). :

Sensitivity analysis has been carried out in order to investigate the role of light
penetration in the water column, that is strongly limited by the suspended mat-
ter concentration characterizing the prodelta coastal area. Different suspended
matter forcings have been implemented and model result intercomparisons are
showed. s ) ’ '

Evidence has also been found of a possible change in the trophic web struc- '

ture during different water column condition, showing a shifting between the
" classical” trophic web and the microbial loop. . : :
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ARIMA MODEL ESTI'MAT!ON FOR URBAN OZONE AT THE CANARY
ISLANDS AND ITS RELATIONSHIP WITH OTHER POLLUTANTS

H. Alonso, L. Cana, B. Gonzalez, P. Sancho
Physics Department. ULPGC. 35017 Las Palmas de Gran Canaria (Spain)

Based on the Ozone hourly data and other dlﬂ'enent pollutants as SO2, SPM, Nitrogen
Oxides and CO obtained at an urban station placed close to a power plant of Las
Palmas de Gran Canaria (Canary Islands), an ARIMA model has been determined to
describe its evolution. First, trend and spectral analyses using the Fast Fourier
Transform (FFT) to detect the different periodicities have been carried out. Once the
model has been identified, the different relationship between the Ozone and the other
mentioned pollutants have been determined. In order to detect these relations, the
Cross-Correlation Functions (CCF) between the different prewithened series have been
used. This technique has allowed to determine the characteristic time dependence on
each one, caused by the photochemical transformations between the pollutants,
showing different lags between them.

RELATIONSHIP BETWEEN TROPHOSPHERIC OZONE AND
METEOROLOGICAL PARAMETERS AT TALIARTE (GRAN CANARIA).

H. Alonso, L. Cana, B. Gonzalez, P. Sancho
Physics Department. ULPGC. 35017 Las Palmas de Gran Canaria (Spain)

As it has been pointed out in precedent studies, ozone diumal variations at Taliarte
(Canary Islands) are dominated by two different situations: trade winds and marine
breeze. Besides, a well-determined relationship between the presence of trade winds
and low values of ozone registered at Taliarte, has been found. Multivariate ARIMA
model and Cross Correlation Functions (CCF) have been determined to identify the
influence of some meteorological parameters in the measured amount of ozone during
several situations without the presence of trade winds.
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MULTIVARIATE MODEL ESTIMATION USING METEOROLOGICAL
PARAMETERS FOR URBAN POLLUTANTS AT GRAN CANARIA
(CANARY ISLANDS).

H. Alonso, B. Gonzalez, P. Sancho
Physics Department. ULPGC. 35017 Las Palmas de Gran Canaria (Spain)

ARIMA model have been determined for several hourly series of pollutants at Las
Palmas de Gran Canaria. Dry temperature, relative humidity and pressure have been
chosen as meteorological parameters for the input of the mentioned multivariate
model. It has been determined that high values of dry air temperature increase the
photochemical transformations between the different pollutants. Also, the dependence
of the pollutant transformation and the trade wmds have been ldenuﬁcd Finally,
stable, high-pressure episodes have been related to the poll per at the
urban atmosphere.

THERMAL INVERSION IMPACTS ON THE MIXING PROPER-
TIES OF THE LOW ATMOSPHERE WITHIN A DEEP VALLEY

S. Anquetin and J.P. Chollet
Laboratoire des Ecoulements Géophysiques et Industnels, Grenoble, France.
Sandrine.Anquetin@hmg.inpg.fr/Fax: [33] 476 82 52 71

Pollution problems within deep valley systems are associated to low wind con-
ditions with significant stratification including a strong inversion layer, which
reduces the exchanges towards larger scales.

Previous studies have shown that the structure as well as the characteristic
scales (height, strength, and duration) of the thermal inversion within the val-
ley strongly depend on the season. These results can be interpreted for urban
pollution planning since the dynamics scales are in the same order of the reac-
tive chemical processes.

Our contribution deals with the large eddy simulations of a complete diurnal
cycle of atmospheric flows within different schematic valleys. atmosphere.
The main objectives are to point out the influence of the valley aspect ratio
and the influence of the shape (convex or concave V or U-shaped valley) on
the characteristic scales of the thermal inversion. The impact on the mixing
properties of the lowest layers of the atmosphere, linked to the time evolution
of the stratification whitin the valley, is shown through the visualization of the
iso-concentration of a passive scalar emitted in the centre of the valley during
three different periods : at the end of the night (when the thermal inversion is
the strongest and when its vertical extension is maximum), at noon (when the
inversion is the weakest or completly destroyed), and at sunset.

A TRACER CLIMATE MODEL BASED ON THE LMDZ AGCM

A. Armengaud (1), K. K. Andersen (1,2) and C. Genthon (1)

(1) Laboratoire de Glaciologie et Géophysique de I’Environnement, 38402 Saint-
Martin-d'Héres Cedex, France, (2) Department of Geophysics, Niels Bohr In-
stitute, University of Copenhagen, Denmark.
alex@glaciog.ujf-grenoble.fx

On the basis of the new LMDz atmospheric general circulation model a tracer
climate model has been developped. The implicit scheme of the boundary layer
and the convective and advective schemes of the GCM were altered to include
passive tracer transportation. Furthermore the possibilities of dry and wet de-
position as well as radioactive decay were implemented. The general features
of this model have been validated simulating the at heric cycles of 2?Rn
and 7'9Pb, and lately through the simulation of minera! dust, a tracer of more
climatic significance. A special feature of the applied GCM is the ability of
applying a stretched grid. This means that the resolution can be increased to
near mesoscale over specific areas of interest, with the model remaining global
at reasonable computational cost.




TWO YEARS LIDAR AEROSOL MEASUREMENTS AT THESSALONIKI,
GREECE )

D. Balis (1), A. Papayannis (2), E. Galani (1), F. Marenco (3), V. Santasecaria (4),
1. Ziomas (1) and C. Zerefos (1) : '

(1) Laboratory Atmosphéric Physics, Aristotle University of Thessalonild, Greece
(2) Physics Department, National Technical University of Athens, Greece

() ESA, Netherlands ~ =~

(4) CNR-IROE, Tty °

Email: balis@ccf.auth.gr

Measurements of the vertical lower tropospheric profile of the aerosol
backscattering coefficient have been performed at the city of Thessaloniki, since
1996 using a ground-based backscattering lidar system operating, simultaneously,
at 355 nm and 532 nm. Measurements have been carried out throughout the year
around local noon hours and during extensive time periods. The different aerosol
loads and their vertical extension in the urban fower troposphere, between the
“warm” and “cold” periods over Thessaloniki are discussed. Case studies of the
diurnal evolution of the aerosol layer over the city of Thessaloniki have been
examined under different meteorological conditions prevailing in the area. From
the analysis of these studies the origin of the aerosol Iayer is indicated and the
evolution of the boandary layer over the site is described Two cases are also
presented, when dust [lifted from Sahara desert was transported over the measuring
site. The height of this layer was determined between 34 km and the optical depth
at 532 nm of the Sahara dust layer was found to be of the order of 0.1.

MODEL HIERARCHY FOR THE DETERMINATION OF METEO-
ROLOGICAL AND CHEMICAL PROCESSES

‘Birbel Langmann and Daniela Jacob
Max-Planck-Institut fiir Meteorologie, D-20146 Hamburg
susanne.bauer@dkrz.de

The global, regional and local scale model hierarchy ECHAM-REMO-GE-
SIMA is being developed to improve the understanding of formation pro-
cesses of photooxidants together with the changing oxidizing capacity of the
atmosphere especially in the European/German area. The models are coupled
every 6h (global-regional) up to 1h (regional-local) by one-way nesting, mete-
orology and chemistry is determined simultaneously (on-line).

A summer smog episode in 1994 was chosen for a first application of the mes-
oscale part of the model system (REMO-GESIMA). Preliminary results
focussing on ozone prediction and scale dependence of several trace gas dis-
tributions are subject of interest. For the future it is planed to use the complete
model hierarchy for analyzing climate and emission szenarios based on global
simulations with the climate model ECHAM.

ON THE MODELLING OF CLIMATOLOGICAL CHARACTER-
ISTICS OF PHOTOCHEMICAL SMOG IN BOHEMIAN BASIN

J. Bednar, J. Brechler and T. Halenka

Dept. of Meteorology and Environment Protection, Fac. of Mathem. and
Physics, Charles University, V Holesovickach 2, 180 00 Prague 8, Czeth Rep..
tomas.halenkatnf?.cuni.cz/Fax: [+420 2] 2191 2533

The transport of air pollution on the regional scale (Bohemian region) is pre-
sented. The results of Charles University puff model for the imission assessment
are used to give information on the concentration fields of ozone, nitrogen ox-
ides and other ozone precursors. Current version of the model covers up to
16 compounds and it is based on trajectory computation using climatologi-
cal wind roses and puff interaction both by means of Gaussian diffusion mixing
and chemical reactions of species mentioned above. The alternative approach in
terms of episodes studies can be solved as well, i.e. appropriate meteorological

‘data can be used to estimate immision characteristics both for episodes analysis

and, in case of connection to meteorological model forecast, the prediction of
future air quality conditions.

ADAPTIVE PARCEL ADVECTION

MBithell and SJPepler

- Rutherford Appleton Laboratory, chilton, Didcot, Oxon, OX11 00X,

ENGLAND e
M.Bithell@rl.ac.uk /Fax: +44 (0) 1235 445848

We present a method for performing trajectory analyses using an adaptive
irregular mesh to allow refinement of the resolution of the flow. We keep -

track of nearest neighbours using Delaunay triangulation. Where parcel
densities drop below a critical value, extra parcels can be added. Similarly
parcels can be removed where the density exceeds a threshold. The critical
value can be set using geographical information, (e.g. more parcels in the
Northern hemisphere), dynamical quantities (e.g. shear in the flow field),
tracer gradients, or other desired parameters. Arbitrary moving boundaries
can be included to confine the parcels to'a pre-defined region. Variable

timesteps are incorporated to allow for the changes in resolution from place ‘

to place. The technique can be used in two or three dimensions. We compare
two-dimensional results with contour advection calculations by
concentrating the parcel density close to a fixed value of a tracer initialized
using the potential vorticity on an isentropic surface. The potential for

extension of the method to a full dynamical model will be discussed.

HIGH RESOLUTION FORECASTS OF POLAR STRATO-
SPHERIC OZONE USING THE CANADIAN GLOBAL ENVI-
RONMENTAL MULTISCALE MODEL . . :

G. Brunet (1), S. Gravel (2), M. Roch (3), P. Gauthier (4), S. Pellerin (5), N.
Ek (6) and S. Edouard (1) T
(1,2,3,4,5,6) Meteorological Research Branch, Eavironment Canada, 2121
Trans-Canada Highway, 5th Floor, Dotval, Québec, CANADA HOP 1J3.
dalyOlinmpi.mpg.de/Fax: [49] 5556 979 240

Preliminary high resohition forecasts of polar stratospheric ozone are presented
using the Global Environmental Model (GEM), an innovative model oper-
ationally used at the Canadian Meteorological Center. Here we use it in a
regional configuration where the resolution is focused over either one of the
polar regions, to study the effect of resolution on a simple stratospheric ozone
chemistry. Both the sensitivity to the horizontal and vertical resolutions are
examined by considering uniform 50 km and 25 km horizontal meshes over the
area of interest, and by increasing the number of vertical levels in the strato-
sphere. The UKMO analyses are used to initialize the dynamical variables of the
model while analyses based on total ozone data from the Global Ozone Moni-
toring Experiment (GOME) provide the initial conditions for chemistry. These
univariate analyses of ozone were obtained with a 3D-variational assimilation
(3D-var) developed out of the CMC operational 3D-var. The EOF associated
to these analyses are also presented to assess the quality of the assimilation
system.” . .

RELATIONSHIP BETWEEN METEOROLOGICAL PARAMETERS AND
SYNOPTIC CONDITIONS WITH EPISODIC PERIODS AT SANTA CRUZDE
TENERIFE (CANARY ISLANDS)

L. Canal, H. Alonsol, A. Diaz2, P. Sanchol
1 Physics Department. ULPGC. Las Palmas de Gran Canaria (Spain) - .
2 Physics Department. Universidad de La Laguna. Tenerife (Spain)

Through the use of the data provided by an urban pollutant measurement station
placed close to a refinery plant at Santa Cruz de Tenerife (Spain), several high
pollutant concentration episodes have been analysed. The data provided by a captive
balloon have been plotted on a Skew T 4 Log p thermodynamic diagram to describe
the typical conditions of the lower layers of the atmosphere for each day analysed.
Once these conditions have been determined, the synoptic patterns related to all these
situations have been identified. A S-SE wind flow related to a high-pressure area
placed at the Saharian arca gives a subsidence inversion at the lower layers of the
atmosphere. Both features depict the typical conditions related to these episodic
situations. . ’ ‘ .
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. OBSERVATION OF ATMOSPHERIC BOUNDARY LAYER
CHARACTERISTICS OVER AN URBAN SITE

‘P. Castracane (1), M. P. Rao (2), S.Casadio (1), M. Cacciani (1), P.G.
Calisse (1) and G. Fiocco (1) ' )

(1) Dipartimento di Fisica, Univaersiti di Roma “La Sapienza”, Roma, Italy,
(2) Department of Physics, Andhra University, Visakhapatnam-530003, India.
pecastradg24ux.sci.uniromal.it

The diurnal evolution of urban boundary layer over the central area of Rome
was observed by the simultaneous and co-located operation of a Doppler sodar
and a microwave ratiometer. The Doppler sodar was configured to provide a
wind profile up to about 900 m for every 8 s with a height resolution of 27
m, and a time-height picture of the thermal structure of the urban boundary
layer. The radiometer provided a temperature profile up to 600 m for every 120
s with a height resolution of 50 m. The experiment was conducted for a period
of 30 days in the years 1996 and 1997. Although the daytime urban boundary
layer was mostly characterized by the development of thermal plume structures
up to a height of about 700 m, the nocturnal urban boundary layer showed a
variety of features including the occurrence of Kelvin-Helfithgltz waves, solitary-
type waves, multiple-layers, etc. The occurrence of surface-based inversions was
found to be rare. The height of the urban boundary laye! r during night-time
was around 300 m and was near-adiabatic to isothermal in character. Some
typical case studies are discussed.

A STUDY OF LAGRANGIAN TRANSPORT IN A WIND
DRIVEN, 3-LAYER, EDDY-RESOLVING GENERAL CIRCULA-
TION MODEL USING DYNAMICAL SYSTEMS THEORY

C. Coulliette (1), S. Wiggins (1), S. Wiggins (1) and K. Ide (2)

(1) Control and Dynamical Systems 107-81, California Institute of Technol-
ogy, Pasadena CA 91125 USA, (2) Department of Atmospheric Sciences and
Institute of Geophysics and Planetary Physics, University of California, Los
Angeles, Los Angeles, CA 90095-1565.

wiggins@cds.caltech.edu/Fax: 626-796-8914

We study the flow obtained from a 3-layer, eddy-resolving general circulation
model subject to an applied wind stress curl. For this model we will consider
transport between the northein and southern "gyres”. separated by a jet. We
will focus on the importance of invariant manifolds in forming geometric struc-
tures that govern transport. By "govern”, we mean they can be used to compute
Lagrangian transport quantities, both deterministic and statistical. We will
consider periodic, quasiperiodic, and chaotic velocity fields, and thus assess the
effectiveness of dynamical systems techniques in flows with progressively more
spatio-temporal complexity. The significance of invariant manifolds as signa-
tures of specific “events”, such as rings pinching off from a meansering jet, will
also be discussed. The relation of these concepts to potential vorticity dynamics
be considered.

This research is supported by the Office of Nava! Research through contract
number NOOO14-97-1-0071.

A comparison of flight measurements from Summer ‘97 with
TOMCAT ‘
Maurette Cahill!, P.H.Plantevin!, K.S. Law!, D.E.Shallcross!,
M.Chipperfield!, M, Evans!, J.A.Pyle!, C. Gerbig?, H.Richer®,
S.Bauguittc*, B.Bandy*, G.Mills%, S. Penkett?,

1Centre for Atmospheric Science. University of Catbridge. UK

2 Forschungszentrum Juelich, Juelich, Germany. '

3UK Meteorological Office, Bracknell, UK.

4 University of East Anglia, UK.

maurette @atm.ch.cam.ac.uk Fax +44 1223 336362

In the summer 1997 a large number of aircarft flights took place over the North
Adlantic ocean looking at the transport of pollutants from continental regions.
The flights were for a number of campaigns including the NERC ACSOE.
Measurements of important tropospheric species were made, including ozone,
NOx, and carbon monoxide. Our Cambridge off-line 3-D tropospheric model,
TOMCAT, was compared directly with the measurements made along flight
tracks. TOMCAT has a detailed description of tropospheric chemistry.
ECMWEF meteorological analyses are used to force the model transport, for the
period June to October 1997.

The flights were made in airmasses of different origin exhibiting different
chemical signatures. )
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SENSITIVITY OF OZONE PHOTOCHEMISTRY !N‘ A
POLLUTED AREA

C Honoré and R.Vautard ‘

Ié,abomtoire de Météorologie Dynamique, Ecole Normale Supéricure, Paris,
Tance

cecile@limd.cns.fr

We study the sensitivity of ozone concentrations in an urban area to several
parameters using a chemistry-transport box model. First, the influence of
meteorological such as mean wind intensity, cloudiness and mixed-
layer beight is examined. Then, various ﬁm emission rates of
nitrogen oxides and hydrocarbons are considered. Finally, we take into
account different vertical mixing processes - namely local vs non-local
processes - within the urban boundary-layer using the transilient theory
approach. The effects of these parameters are studied with ct to the
mean chemical reactivity as well as the existence of low and high NOx
photochemical states in the urban boundary-layer.

DISPERSION THROUGH LARGE GROUPS OF OBSTACLES

O. Isnard and R.J. Perkins
LMFA/ECL, Ecully - France.
isnardCmecaflu.ec-lyon.fr/Fax: [+33] (0)4 78 33 13 80

Although there have been many studies of the flow around isolated buildings,

" much less is known about the effect of groups of obstacles on the flow and

dispersion in the atmospheric boundary layer. For many practical calculations
it is not feasible to represent all the obstacles individually, and in such cases it is
necessary to model the collective effects of the obstacles. The aim of this study
is to investigate the influence of the topology of the flow - the convergence
and divergence of the streamlines of the mean flow ~ on the dispersion of a
passive scalar. We consider here a two-dimensional flow containing solid squares
organized into different regular configurations (aligned, staggered). The mean

- flow through the group of obstacles is computed using a potential flow model,

based on the ‘Vortex Panel’ method. The turbulent dispersion of a passive
scalar from a point source is computed by coupling the mean flow model with a
stochastic ‘Random Flight’ model. We investigate the influence of obstacle size
by varying H whilst keeping the porosity constant. In this case the obstacle size
determines the spacing between the obstacles. It should also have an influence
on the length scale of turbulence, since it can be expected that the obstacles will
block motions at scales larger than themselves. The results provide parametric
scalings for the effects of configuration and obstacle size on the behaviour of a
plume of pollutant

STRATOSPHERIC OZONE, NITROGEN DIOXIDE and
TEMPERATURE MEASUREMENTS at (44N, 11E) DURING 1996-'97

LKostadinov** ,G.Gi 11, F.Ravegnani®, F.Evangelisti®, P Agostini,

V.Cuzzola®, P.Bonasoni®

*STIL- Bulgarian Academy of Science, Base Observatory., 6000 StaraZagora,
Bulgaria, E-mail: ivan@o3.fisbat.bo.cnr.it

*FISBAT-CNR, Via Gobetti,101, 40129, Bologna, Ttaly,

‘ENEACR. B 40032 C: (BO), laly, E-mail:

agostini@netbra. brasimone.enea.it

The future trend of stratospheric ozone at mid and low latitudes is subject of
increasing scientific interest. It is a subsequent of the need to clarify better the ozone
loses caused by the local processes from the loses invoked by horizontal or vertical
transport or from other factors contributing to ozone depletion.
The present paper deals with ground-base of pheric ozone,
nitrogen dioxide and temperature profile carried out during two years period. The
stratospheric ozone and data are collected by means of ECC and
p d on ‘sondes, launched regularly at
St.P.Capofiume(44.65N, 11.5N ) WMO #297station. The lidar measurements at
Brasimone (44.18N, 10.7E) supply upper stratosphere and low mesosphere
temperature data. NO, data are provided from DOAS measurements in 407+460nm
spectral interval, carried out in Bologna (44.5N, 11.28E) and Mt.Cimone (44.2N,
10.5E)
The obtained experimental data are analysed and compared to satellite data and
del: dictions to look for port and dynamic influence upon seasona! ozone

variations.



ATMOSPHERIC OZONE LINE OBSERVATIONS IN A FRE-
QUENCY RANGE OF 90-110 GHZ.

A.G Kislyakov, D.V.Savel’ev and E.L.Shkelev
State University, 23 Gagarin Ave, Nizhny Novgorod, 603600 Russia.

The results of ozone line observations conducted at Nizhny Novgorod (Russfa)

during 1996-97 are presented. 3™™ spectral line radiometer has been employed -

with the frequency resolution of 2 MHz and system noise temperature of 1200 K.
4 ozone lines were observed with the resonant frequencies of 96228, 101736,
103878 and 110836 GHz as the most intensive lines in operating waveband.
Two first lines are observed systematically since February, 1996, till present
time. The main objective of this project is to obtain the reciprocal intensities of
ozone lines belonging to different transitions. Such measurements are supposed
to be informative on the energy levels distribution of ozone molecules. In turn,
this is important for an adequate estimation of ozone integral content and
density profile. Average measured value of 101736/96228 line intensities ratio
equals to 2.11:£0.38 in comparison with its theoretical value of 1.8 (under LTR
conditions). Two other ratios are 0.55:£0.15 (103878 line) and 2.16+0.8 (110836
line) as regards to the same 96228 GHz line. Corresponding theoretical ratios
are 0.6 and 2.5. Under observations, a significant deviation in ratios from their
mean values were revealed presumably due to changes in physical conditions of
atmosphere.

STRATOSPHERIC OZONE, NITROGEN DIOXIDE and
TEMPERATURE MEASUREMENTS at (44N, 11E) DURING 1996-°97

IKostadinov™* ,G.Giovanelli®, F.Ravegnani®, F.Evangelisti®, P.Agostini®,

V.Cuzzola®, P.Bonasoni®

*STIL- Bulgarian Academy of Science, Base Observatory., 6000 StaraZagora,
Bulgaria, E-mail: ivan@o3.fisbat.bo.cnr.it ]

SFISBAT-CNR, Via Gobetti, 101, 40129, Bologna, ltaly,

<ENEA C.R. Brasimone, 40032 Camugnano (BO), Italy, E-mail:

agostini@netbra.brasimone.enea.it :

The future trend of stratospheric ozone at mid and low latitudes is subject of
i ing scientific i Tt is a subsequent of the need to clarify better the ozone
loses caused by the local processes from the loses invoked by horizontal or vertical
transport or from other factors contributing to ozone depletion. :
The present paper deals with ground-base ts of pheric ozone,
- pitrogen dioxide and temperature profile carricd out during two years period. The
stratospheric ozone and - ire data are collected by means of ECC and
p d on sondes, launched regularly at
St.P.Capofiume(44.65N, 11.5N ) WMO #297 The lidar at
Brasimone (44.18N, 10.7E) supply upper stratosphere and low mesosphere
temperature data. NO, data are provided from DOAS measurements in 407+460nm
spectra! interval, carried out in Bologna (44.5N, 11.28E) and MtCimone (44.2N,
10.5E)
The obtained experimental data are analysed and compared to satellite data and
dels predictions to look for port and dynamic influence upon seasonal ozone

variations.

TELLURIC LINE OF N;O AS AN INDICATOR OF ATMO-
SPHERIC TRANSPORT ~ -

A.G.Kislyakov (1), D.V.Savel'ev (1), E.LShkelev (1), I1.V.Lapkin (2),
V.F.Vdovin (2) and V.L.Vaks (3)

(1) State University, 23 Gagarin Ave, Nizhny Novgorod, 603600 Russia, (2) Ap-
plied Physics Institute, 46 Ul'anov str., GSP-120 Nizhny Novgorod, 603000
Russia, (3) Institute for Micro Physics, GSP-105 Nizhny Novgorod, 603600
Russia. .

Nitrous oxide rotational lines were calculated using modern in situ data on
its vertical distribution in Earth’s atmosphere. These lines width and inten-
sity subject to variations due to changes in N3O density profile. In equatorial
atmosphere, the mean value of line width equals to ~0.6 GHz insreasing up
to ~0.9 GHz at moderate latitudes. This is a sequence of stratosphere be-
ing more rich of nitrous oxide in equatorial zone than at moderate latitudes
owing to correspondent difference in convection. It implyes the N3O line pos-
sible variations even at moderate latitudes, if the atmospheric transport has
‘changed. This conclusion is supported with the results of N3O line observations
conducted at Nizhny Novgorod (Russia) during March-May of 1997. A 3-mm
spectral radiometer was employed with the system temperature as high as 1200
K. The spectra were taken with 2 MHz resolution using the 30-channel filter
spectrometer. Nitrous oxide rotational line (J=3-+4 transition corresponding
to the resonant frequency of ~100,5 GHz) shows variations in its optical depth
decrement measured at the frequency shift of 25 MHz from the resonance. Dur-
ing the observations, the decrement has increased by 3-5 times thus implying
the significant redistribution of N3O in a height region of 20+55 km.

ENSURING ECOLOGICAL SAFETY OF MOTOR TRANSPORT IN URBAN
OF CONDITIONS. ' :

T.S. Kozhanov, M. Kazimov, S. Bekbasinov .
Kazak State Agrarian University, Almaty 480100, av. Abai 8.

Analysis of ecosystems condition is conducting: "Human being + car + envifonment™
of a city as operating environment of motor transport. Adaptation of operation and
system parameters of a fuel supply system of engines of modem cars to the concrete
condition of their operating are determined. Structure analysis of mathematical model
was made. Foundation of schemes and parameters of poltution indicator of air filters
of engine fuel supply system are given. Specified technical actions on raising of
ecological safety of modem cars in conditions of city.

On the importance of horizorital resolution and mixing in
the modeling of the impact of aircraft emissions <~

J.-F. Lamarque and P.G. Hess (Nationéd.Cente.r.for Atmospheric -
Research, P.O. Box 3000, Boulder,CO 80307-3000, U.S.A)

Mixing in the atmosphere is critical for the chemical evolution of
the air contained in a plume. In particular, if the mixing is much
faster than the timescale associated with chemistry, then it can be
expected that the chemical state of the atmosphere will rapidly be
equivalent whether the emissions were initially confined to a plume .
or instantaneously diluted. This dilution is implicitly related to
the resolution at which the emissions are distributed in a model. .
Using a two dimensional chemistry/transport model, the problem
of emissions mixing is studied in application to aircraft emissions.
The modeled impact of aircraft emissions is shown to be dependent
on the horizontal resolution at which the emissions are input into a
model. Over the scales and for the conditions studied, the artificial
dilution of the emissions due to their inadequate representation
in coarse resolution models enables a more efficient reaction from
NO; (= NO + NO;) to HNO, (= HNO; 4+ HNO; 4+ HNOy).

THE SWISS EPFL LIDAR IN THE EU WINTEX PILOT STUDY.

G. Larchevéque, V. Simeonov, H. van den Bergh and B. Calpini
EPFL, DGR - LPAS, CH - 1050 Lausanne, Switzerland.
bertrand.calpini @epfl.ch/Fax : ++41 21 693.5145

The contribution of particulate matters as Mic scatters on LiDAR measurements is
know to be an efficient tracer for the planetary boundary layer (PBL) height and
development in polluted regions. A similar approach was proposed for the WINTEX
study in March 97 at Marsta, Sweden, but for very clean boreal air conditions. In
case of clouds covering at the height of the inversion layer, this aerosol LiDAR,
operated at 532nm (total backscattered) and 355am (polarized), could follow and
retrieve this height, while in clear sky conditions, this PBL height tends to be more
difficult to detect. Different meteo conditions will be presented, in particular the
increase of the mixing height in the early afternoon due to the solar warming up of
the ground.
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AEROSOL STUDIES OVER NORTH ATLANTIC

V. N. Lukashin (1), A.B. Isaeva (1), V.V.Serova (1), V.YU. Gordeev (1) and
R. Stein (2)

(1) P. P. Shirshov Institute of Oceanology, Moscow, (2) Alfred- Wegener-
Institute fur Polar- und Meeresforschung.

Concentration and composition of aerosols in the North Atlantic were stud-
ied. There are data on particle sizes, contents of C, N, P, Si and Al, results
of REM-EDAX analysis. It is showed that lithogenic component contents de-
crease and organic increase when going off the continents. Comparing of mineral
component fluxes from atmosphere to the sea surface with rate of sediment ac-
cumulations ("absolute masses”) on the floor evidences about important of the
aerosols for the ocean sedimentation.

COUPLING BETWEEN CHEMISTRY AND MIXING
IN A SIMPLE REACTION DIFFUSION SYSTEM

D. McKenna

Institut fii Stratosphdrische Chemie (ICG-1),
Forschungszentrum Jiilich, Germany
d.mckenna@fz-juelich.de/Fax: +49-2461-615346

For many years the environmental concentration of OH has been estimated
from the differential change in concentrations of hydrocarbons of differing activ-
ity. The normal approach is based on the simplifying assumption that chemical
and transport processes are seperated. However consideration of the continuity

equation for a reactive species with source and sink terms leads to the conclu-

sion that this simplifying assumption is not generally valid. In this paper new
analytic solutions to some steady state diffusion will be presented
and it will be shown that the seperability assumption of the observational OH
studies is valid for all practical purposes. The concept of a coupling constant
that is a simple function of the equation constants will be introduced. Finally
it will be shown that when values of the coupling constant more appropriate
to large scale numerical models are employed the likelyhood of interactions
between chemical and mixing processes is much more likely.

GREENHOUSE GASES IN THE LMD- Z GENERAL CIRCULA-
TION MODEL

P. Mercier (Service d’Aéronomie, B102, Univ. Paris 6, 4, place Jussieu, 75252
Paris cedex 05, France)

F. Hourdin (Laboratoire de Météorologie Dynamique, B99, Univ. Paris 6, 4,‘

place Jussieu, 75252 Paris Cedex 05, France)

0. Boucher (Laboratoire d’'Optique Atmosphérique, UFR de Physique, Bat P3,
Université de Lille I, 59655 Villeneuve d’Ascq Cedex, France)

M. Pham, D. Hauglustaine, C. Granier (Service d’Aéronomie, B102, Univ. Paris
6, 4, place Jussieu, 75252 Paris cedex 05, France)

In order to investigate the climate effect of greenhouse gases in an interactive
way, greenhouse gases have been introduced in the new version of the general
circulation model LMD-Z developed by the La.boratonre de Météorologie Dy-
.namique (LMD). .

This preliminary study presents the d:stnbutlons of CH4, N20, CFCil, and
CFC12 as simulated by LMD-Z.

LIGNIN AND PHENOLS IN AEROSOLS OVER CENTRAL AT-

LANTIC

V. L. Peresypkin and V. N. Lukashin
P. P. Shirshov Institute of Oceanology, Moscow.

It was researched distribution and composition of the lignin and phenols over
the Central Atlantic on cross- section (15 N). Content of the identified phenols
varies from 35.8 to 588 mkg/g in air-dried matter (2.06-8.09 percents from
organic carbon). Calculated content of lignin in the samples is from 83.5 to
3645 mkg/g (16.7-51.9 percents from organic carbon). Prevalence of the p-
hydroxyl structures above the vanillin and syring ones is observed in all samples
excluding the sample collected near Cape Verde Islands. That relation indicates
on transportation by the air masses of large quantity of the plant sporopollenin
in which p-hydroxyl structures are dominated. Vanillyl and syringyl structures
are in the particles of the higher plant. All noticed components fall on the
sea surface and through water column to the bottom sediments, where are
preserved for a long time.

ALIPHATIC HYDROCARBONS IN AEROSOI;S OVER CEN-
TRAL ATLANTIC

V. L. 'Peresypkin and V. N. Lukashin
P. P. Shirshov Institute of Oceanology, Moscow.

It was studied distribution and composition of the alkane-naphtene fraction of
the organic matter in aerosol samples collected on cross-section from the Mid-
Atlantic Ridge (15 N) to Dakar. Contents of the organic carbon vary from 0.84
to 4.45 percents (dry matter), the hydrocarbons - from 91.0 to 1079 mkg/g,
the n-alkanes - from 11.69 to 32.02 percents (from hydrocarbon content). Max-
imums of C25 , C27, C29, C31, C35 and C39 indicating on presence of higher-
plant wax dominate in distribution of the biomarkers-n-alkanes. Ratios Pr/Ph
vary from 0.87 to 4.17, C10-C 22/C 22-C 40 - from 0.04 to 0.26, CPI - from 2.32
to 6.29. Thus, the continents are source of the terrigenous lipids transported
into central areas of North Atlantic by trade winds.

SIMULATION OF TRACE-GAS DISTRIBUTIONS WITH THE UTUC 3-D
ATMOSPHERIC CHEMICAL-TRANSPORT MODEL AND COMPARISON OF
SOURCE GAS DISTRIBUTIONS WITH OBSERVATIONS

E.Rozanov, V. Zubov, M. Schlesinger, F. Yang and N. Andronova
University of Illinois at Urbana-Champaign, Urbana, llinois 61801, USA

+ rozanov(@atmos.uiuc.edu

The study of the i jonb timate and chemistry requires the develop of
fast and accurate submodels that describe photochemical and gas port in
“the ph Due to computer time [y number of parameterizations have to

be used in such submodels. Accordingly, & detailed validation of the chemical and
transport routines should be carried out. One of the best ways of validation is to compare
the simulated gas species distributions with satellite climatological datasets. Here we
present the 3-D UTUC A pheric Chemical T model. The model consists of
three submodels: (1) A hybrid transport routine, (2) a photochemical routine, and (3)
circulation fields generated by the our 3-D 24-layer AGCM. The results of an 8-year
steady-sme model run are analyzed and the distrib of the Iong-hved specnes are

Surface emissions map for these gases are provided by the up-dated emissions
inventoties of GEIA and EDGAR.

In this version, chemical and photochemical sinks of the concerned species are
calculated off-line with the IMAGES (Intermediate Model for the Annual and
Global Evolution of Species) OH distributions and the photodissociation tables
obtained with the model MOZART (Model of OZone And Related chemical
Tracers). Wet and dry deposition are also taken into account.

3
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pared with appropriate HALOE and CLAES d The si ly zonal-
mean mixing ratios of long-lived speaes are in bl with observational
data. The lation b the simulated and observed distributions of long-lived

species and the tracer-to tracer correlation show the very good overall performance of the
model.



Investigation of high pollution episodes in background regions

Sergey V. Chereshnuk (Moscow State Univercity, Lenin hills,
Moscow,
Russia)

The idea of this study was to investigate high pollution episodes in
background regions for most anthropogenic substances Pb, Hg, Cd
and benz(a)piren. The study was performed for Borovoe (North
Kazahstan) and Lesnoe (Russia) stations. :
'In the work statistics was calculated, and back trajectory was selected
which meets high concentrations.

As a result a relationship between concentrations at observation site
and spatial source distribution was found, and environmental
conditions in two background regions was compared.

MODELLING THE TURBULENT DISPERSION OF
POLLUTANTS IN CITY STREETS

L. Soulhac and R.J. Perkins
LMFA/ECL, Ecully - France.
soulhac@mecaflu.ec-lyon. !r/Fa.x [+33} (0)4 78 33 13 80

| We need to be able to compute the concentration of atmospheric pollutants
in city streets so that we can estimate the impact of such pollution on the
inhabitants, so that we can interpret the point measurements provided by static
pollution monitors and so that we can estimate the flux of pollutants emitted by

. practical cases it is possible to idealise a large street as a long, quasi-2D cavity
bounded by relatively large buildings. The flow within the cavity is then driven
principally by the wind blowing over the top of the cavity, and consists of one
or more eddies (depending on the aspect ratio of the cavity) trapped within
the cavity. This type of representation is known as a ‘street canyon’ model.
We have developed a new street canyon model which is intermediate between
large CFD codes and empirical expressions for the concentration of pollutants.

The basic principle of the model is that the flow inside the cavity is computed
using a combination of potential flow and fixed, point vortices. The transport
and dispersion of material within the cavity is modelled by the advection-
diffusion equation, solved by using a conformal transformation to map the
physical domain onto the ¢ — ¢ plane, where we can use standard solutions of
the equation. This model gives very good agreement with experimental results
for the concentration field in the cavity.

NP3 Transport and mixing in geophysical flows

Convener: Legras, B. '

06 Mixing in the interior of the Earth (recycling
of subducted slabs) (joint with SE)

Convener: Ricard, Y.

the urban environment into the external atmospheric boundary layer. In many -

THE ROLE OF REGIONAL TRANSPORT IN URBAN PHOTO-
CHEMISTRY

R. Vautard and M. Beekmann :

Laboratoire de Metéorologie Dynamlque, Eco!e Normale Supérieure, Paris,
France.

vautardClmd.ens.fr

The influence of long-distance transport of ozone and its precursors from remote
areas on the photochemical smog formation is examined in different respects.
First we demonstrate that it is a dominant effect in the Paris area, which allows
one to doubt about the impacts of local traffic restrictions during these episodes.
Second we examine in a more general manner the modifications of the local
chemica! regimes induced by this long-distance transport and show that nox-
sensitive photochemical production can happen in certain circumstances even
over a large city. We also examine the predictability of the ozone concentrations
according to the previous considerations. .

MANTLE MIXING: INFLUENCE OF 3-DIMENSIONALITY AND
VISCOSITY STRATIFICATION

S. Ferrachat and Y. Ricard )
Laboratoire des Sciences de la Terre Ecole Normale Supérieure de Lyon.

Mixing properties of the mantle remain puzzling. One does not precisely un-
derstand how the mantle convection can destroy the chemical and isotopical
heterogeneities of the lithosphere, and in particular, what kind of mixing times
are related to this re-homogenization. While geodynamicists favor efficient mix-
ing by deep slab penetration, various geochemists advocate for the existence
of unmixed reservoirs. We compute various 3-D cavity flows with imposed sur-
face conditions mimicking tectonic plates and advect passive tracers in order
to quantify their mixing abilities. The 3-di ionality of our model allows
us to choose plate geometries with both converging/diverging margins which
induce vertical transport and strike slip margins which only mixes the mantle
on horizontal planes. Internal masses simulating subducting slabs can also be
imposed. We study the effects for the mixing rates on the one hand, of the
toroidal over poloidal energy ratio (e.i. the relative importance of surface strike
slip to diverging motions), and on the other hand, of a viscosity increase in the
Tower part of the system {which mimics an 'upper’ and a 'lower’ mantle). We
will see that the time-dependence of the flow is not necessary to obtain chaotic
areas with efficient mixing in 3-D models. Simple flows will also illustrate the
possibility to maintain some unmixed resérvoirs even without viscosity stratifi-
cation. We will discuss different ways of quantlfymg the mixing efficiency, and
present scale-dependent mixing times for various models of the Earth’s interior.
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QUANTIFYING MIXING IN NUMERICAL MODELS OF MAN-
TLE CONVECTION

Louise H. Kellogg and Donna L. Hunt
Dept. of Geology, University of California, Davis, CA 95616, USA.

Recent high-resolution seismic images of subduction zones appear to indicate
that slabs extend into the lower mantle, possibly to the core-mantle bound-
ary. This is consistent with a circulation pattern that encompasses the entire
depth of the mantle and suggests efficient recycling of subducted slab. Models
of the geochemical evolution of the mantle, on the other hand, seem to require
several distinct “reservoirs” of differing mean age and trace element composi-
tion, suggesting that recycled slab is not efficiently mixed within the mantle.
An important question in mantle dynamics is whether large regions can de-
velop different residence times (maintaining distinct reservoirs), or whether a
different explanation of the geochemical data is called for. We developed quanti-
tative measures for assessing mixing in numerical models of mantle convection.
Tracer particles, introduced to simulate subduction and formation of oceanic
crust, form fractal distributions with dimensions that depend on the model pa-
rameters. The distribution of mean ages provides a measure of the geochemical
evolution of different regions. We investigate the role of viscosity stratification
across the transition zone and in the D” region on formation and destruction
of heterogeneities. Viscosity stratification slows the transport of slabs across
the transition zone, but the slowed transport does not stratify the mantle geo-
chemically. Old slab material survives longer in a viscously stratified mantle,
but the recycled slab is not concentrated into discrete reservoirs.

Is there a missing link between geochemistry and geophysics of the convective
mantle ?

fric LEWIN - IPGP GUochimie

[lewin@ipgp.jussieu.fr] Laboratoire de GUochimie et Cosmochi Institut de
Physique du Globe de Paris (Umvcran Paris 7-Denis Diderot; CNRS UMR 1758);
B.89; 4, place Jussieu; 75252 Paris cedex 05; FRANCE.

While in Geophysics, information about the convecting Earth mantle is carried by
signals in which spatial characteristics of the medium through which these have
propagated are particularly important, in Geochemistry, measurements rely on rock
samples, the matter of which has essentially lost most of the memory of their travel
throughout the mantle until the outcrops where they have been picked up. Up to now,
one fruitful approach developped in Geochemistry is by considering reservoirs and
budget complementarities, approach for which isotope tracers are of the most pertinent
geochemical tools. However, this "globalistic” approach gives little information about
spatial disposition of these reservoirs. A refinement of this is to consider the
heterogeneity of the reservoirs through the isotopic ratio distributions, which is a
purely statistical point of view rather than a spatial one. Evolution models of
convective stirring can thus be tested for being able to sustain the kind of steady-state
heterogeneity that these isotopic distributions quantify. Thus, in order to generalize
these direct observations provided by geochemists from the analyzed rock sample
collection to their whole source reservoir, one must first be fully convinced that this
sampling is either rep ive of its le source reservoir, and/or that biases can
be evaluated. If reweighted statistics are an attempt to bring an affordable solution for
the second "drawback”, the first assumption can only be approached through
convection modelling in which a ridge sampling scheme is taken into account.

EFFECTS OF TOROIDAL FLOW AND RHEOLOGICAL HET-
EROGENEITIES ON MIXING IN THE MANTLE

R. J. O’Connell (1), Carl W. Gable (2) and Michael Manga (3)

(1) Harvard University, Cambridge MA 02138, (2) Los Alamos National Lab-
oratory, Los Alamos NM 87343, (3) University of Oregon, Eugene OR 97403.
oconnell@geophysics.harvard.edu/Fax: 617-405-8339

Large scale mixing of chemical heterogeneities in the Earth's mantle is accom-
plished by the stretching and folding motion associated with mantle convection;
diffusional processes are only important on centimeter length scales. Chaotic
flows will promote effective mixing; these can be produced by time dependent
flows and also by the presence of toroidal components of flow {which are only
present in 3 dimensions). Plate tectonics produces both in the mantle, and
hence mixing should be eﬂ'ectxve, especially in the upper mantle where the ef-
fects of plate flow are largest. The lower mantle may be less well mixed owmg
to its higher viscosity and the relatively small toroidal flow. Studies of sim-
ple flow systems with poloidal and toroidal flow components demonstrate the
chaotic nature of the flows and constrain the time constants for efficient stir-
ring of the mantle. Considerations of time scales for the Earth indicate that
the upper mantle should be well mixed. Geochemical observations indicate the
presence of long-lived heterogeneities in the mantle. Simple flow calculations
show that viscosity heterogeneities strongly influence mixing. Weak blobs are
rapidly deformed and dispersed in a latger scale flow, while high viscosity blobs
can resist deformation and dispersal for times that are geologically long. Such
heterogeneities may account for geochemical reservoirs in the mantle.
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CONVECTIVE MIXING CONTROLLED BY PHASE TRANSI-
TIONS AND THE SIZE DISTRIBUTION OF CHEMICAL HET-
EROGENEITIES IN THE EARTH’S MANTLE

W. R. Peltier and S. L. Butler

Department of Physics, University of Toronto, Toronto, Ontario, Canada, M3S
1A7.

samOatmosp.physics.utoronto.ca/Fax: 1-416-978-8905

It is now generally recognized that the convective circulation in the Earth’s
mantle is neither completely layered by the 670 km discontinuity nor does it
cross this horizon completely unhindered. Many non-linear simulations of ther-
mal convection in this region of the Earth have demonstrated the critical role
played by the endothermic phase transition that defines this horizon in con-
trolling the mass exchange between the lower mantle and the upper mantle
and transition zone. Geochemical measurements of mid-ocean ridge and ocean
island basalts show different degrees of elemental depletion indicating the exis-
tence of at least two distinct chemical reservoirs in the Earth’s mantle which are
often associated with the lower mantle and upper mantle and transition zone.
The scale of chemical heterogeneities within these reservoirs, which are likely
controlled by the scale of the mass flux events transiting the 670 km hotizon,
remain poorly constrained. We will describe a suite of high resolution numeri-
cal simulations of thermal convection in the Earth’s mantle which include the
effects of the endothermic phase transition in which we characterize the size
distribution of trans-670 km mass flux events. We will demonstrate that for
certain parameter regimes, the size distributions display scale invariance.

MIXING IN VIGOROUS, TIME-DEPENDENT 3D CONVEC-
TION

J. Schmalzl and U. Hansen
Institute of Geophysics, Muenster University , Cocrensstr. 24, D-48149 Muen-
ster, Germany.

An understanding of the mechanism of mixing in highly viscous convecting
fluids is of crucial importance in explaining the observed geochemically hetero-
geneous nature of the Earth’s mantle. Using constant viscosity numerical exper-
iments, we describe the mixing mechanism of time-dependent Rayleigh-Bénard
convection with an infinite Prandt! numer in a three-dimensional rectangular
container. Mixing is observed by following the positions of passive tracers ad-
vected by the flow. The major mixing mechanisms may be described in terms
of the within-cell mixing and the cross-cell mixing. The flow structure in which
tracers move on toroidal surfaces, that was previously observed in steady-state
3D convection systems is perturbed by boundary layer instabilities in the time-
dependent experiments. This flow structure allows a very efficient exchange of
mass between the boundary layers and the core of the convection cell even in
the absence of time-dependence. We compare this results with calcluations car-
ried out in two spatial dimensions. The inferred mixing rates are observed to
be relatively insensitive to initial tracer location, but the timescale for mixing,
tm, decreases with increasing Rayleigh number. The timescale of mixing is an
important constraint on the large scale structure of the Earth, because large-
scale geochemical heterogeneities persist to the present day, implying that the
mantle is not well mixed.

Mixing Efficiency in the Upper Mantle

Arkady Ten (1, 2), Yu. Yu. Podladchikov(3) and David A. Yuen (2)

(1) Institute of Mineralogy and Petrography, Novosirbisk, Russia.

(2) Minnesota Supercomputer Institute and Dept.' Geology and Geophysics, Univ.
Minnesota, Minneapolis, MN 55415, USA.

(3.) Geolog. Institut, E.T.H., Zuerich, Switzerland. .

We have investigated the relative mixing efficiency between Newtonian and
non-Newtonian temperature-dependent rheologies operating in the upper-mantle. This
method is based on assembling many passive tracers on line . The particles are
dynamically redistributed at each time-step. They are then advected by the velocity
field produced by thermal convection . Up to one million tracers per line and ten lines
ten lines have been employed for following the the time-history of a source of
heterogeneity. Based on the mass transfer history through the horizontal layers we can
construct the statistical characteristics and follow the dynamics over a phase plane
consisting of the depth and time . The mixing characteristics are different between the
two rheologies. Non-Newtonian rheology retains long-living horizontal structures,
while Newtonian rheology produces vertically stratified columns. Greater amount of
deformation is produced by the Newtonian convection. Mixing is less efficient for
non-Newtonian rheology as islands with unmixed material still persist. The length of
the lines grow with time in a power-law fashion for Newtonian . The lines produced
from both rheological flows display fractal behavior, which increases with time.
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A MODEL OF QUASI-PERMANENT THREE-DIMENSIONAL
GRAVITY-CAPILLARY WATER WAVE PATTERNS

S. Yu. Annenkov and S. 1. Badulin .

P. P. Shirshov Institute of Oceanology, 36 Nakhimovsky pr., 117851 Moscow,
Russia. .

bsiCwave.sio.rssi.ru/Fax: 7] (095) 124 5983

A weakly nonlinear model of three-dimensional quasi-stationary patterns of
gravity-capillary waves is presented. The pattern consists of three short (cap-
illary) and one long (gravity-capillary) components. For the Bond number
B = ok}/g > 1 (0 — surface tension, g — gravity acceleration and ko —
wavenumber of a short wave) both three- and four-wave resonances are im-
portant. Short harmonics form a resonant quartet; long wave and a pair of
short harmonics constitute a resonant triad. The three-wave resonance condi-
tions can be interpreted as synchronism of the short wave packet and long-wave
component. Coupling of three- and four-wave resonances is formalized within
the Hamiltonian approach and the existence of ‘long-lived’ regimes of evolution
is demonstrated. The dynamics of the mode! perturbed by weak nonconserva-
tive effects is investigated in order to identify possible ways of wave pattern
evolution. Stationary states are found and their stability is studied. Stabil-
ity conditions are specified in terms of wave steepness and angles between
short- and long-wave components. These conditions correspond to predomi-
nantly oblique short harmonics, in other words, wave patterns with specific
rhombic orientation of capillary ripples are emphasized by cooperative effect of
dissipation/generation and multi-wave resonances. :

A MODEL OF SPORADIC WIND-WAVE HORSE-SHOE PAT-
TERNS

S. Yu. Annenkov (1) and V. I. Shrira (2) ]

(1) Shirshov Institute of Oceanology, 36 Nakhimovsky pr., Moscow, Russia,
(2) Department of Applied Mathematics, University College Cork, Ireland.
sergeCwave.sio.rssi.ru/Fax: [7] (095) 124 5983

A qualitative model of three-dimensional crescent-shaped (‘horse-shoe’) pat-
terns often seen on water surface in natural basins and observed in wave tank
experiments is suggested. The model is aimed at explaining their sporadic na-
ture, physical mechanisms of their selection and their specific asymmetric form.
First, the phenomenon of sporadic horse-shoe patterns is studied numerically
using the novel algorithm of water waves simulation recently developed by
the authors. A system comprising a steep gravity wave under small dissipation
embedded into primordial noise is shown to follow the simple evolution scenario:
most of the time only one pair of symmetric oblique satellites prevails, the choice
of the specific pair being in general case different at different instants.

The explanation of the observed phenomena is based on the consideration of
interactions between oblique satellites lying in the domain of the five-wave
instability of the basic wave. It is demonstrated that small satellites can affect
the system dynamics via the quartic resonant interactions at the same timescale
as the quintet interaction with the basic wave. These interactions give rise to
a specific selection mechanism: eventualy only a single pair survives in generic
situation. The interplay of quartic and quintet interactions and nonconservative
effects are shown to be responsible for the specific fronts asymmetry.

A NEW ANALYTICAL MODEL FOR OCEANIC INTERNAL
SOLITON PACKETS : :

J. R. Apel (1), S. I Finette (2), M. H. Orr (2) and J. F. Lynch (3)

(1) Global Ocean Associates, Silver Spring, MD 20910, U.S.A., (2) Naval Re-

search Laboratory, Washington, DC 20375, U.S.A., (3) Woods Hole Oceano- .

graphic Institution, Woods Hole, MA 02543, U.S.A.
globocen@erols. com/Fax: 1-301-460-9775

We advance a new analytical model to describe packets of internal solitons
in the ocean. Such nonlinear waves are often generated by tidal flows across
bathymetric features that protrude into the pycnocline. The model builds on
the ”dnoidal” solution to the KDV equation The basic solution for the vertical

displacement of an isopycnal surface is given in terms of the Jacobi elliptic
- function, dn(z, 8) as

e =m0 {0 [ o e - Vo] - 1 - )

where s is a nonlinear parameter to be determined from other considerations.
Field data, e.g., in-situ measurements or satellite images can be used to derive
the variation of s within a packet. The resultant solution has many of the prop-
erties possessed by the observed solitons: amplitudes, wavelengths, and phase
speeds that decrease from front to rear; an increase in the number of oscillations
with space and time; and a long-term depression of the pycnocline in the wake
of the packet. We increase the realism of the solution by modifying n(r,t) to
include tidal modulation, vertical variation, and attenuation. Comparisons are
made with observations in the Mid-Atlantic Bight and the Strait of Gibraltar.

LABORATORY INVEST[GATIONS OF TWO-DIMENSIONALLY

INHOMOGENEOUS CURRENT IFLUENCE ON NONLINEAR SUR-

FACE WAVES .

‘Bakhanov,V.V., V.1Kazakov, O.N.Kemarskaya (Institute of Applied Physics,

Russian Academy of Science, 46 Uljanov Str., Nizhny Novgorod, 603600 Rus-

sia, phone: 7.8312.384356, fax: 7.8312.365976, e-mail: bakh@hydro.appl.sci-

nnov.ru)

The variability of various-amplitude surface waves in a field of inhomogeneous
currents was investigated in the laboratory tank with use of "contact” and
remote devices. Inhomogeneous currents were produced by streamlining of
submerged sphere. Surface waves were generated by a wavemaker. The surface
deviation in some points of space was recorded by acoustic sensors. The spatial
two-dimensional distribution of the surface wave amplitude was reconstructed
by results of several experiments. The images of located at the bottom rectan-
gular grid were registered simultaneously at the help CCD camera, that allowed
to restore a field of surface wave slopes in spatial area 0.5x0.5 m. :

Occurrence of regions of surface wave amplitude increase and decrease is regis- -

tered and is shown that their arrangement greatly depends on the surface wave
frequency and is practically independent of the sphere sizes and the depth of
its submersion. The value of surface wave amplitude variability grows at an
increased amplitude of surface waves generated by a wavemaker.

Theoretical calculations of surface wave amplitude. variability were made for
conditions of experiments on basis of model equation obtained by us.

ON THE LINEAR APROXIMATION OF VELOCITY AND DENSITY
PROFILES IN THE PROBLEM OF BAROCLINIC INSTABILITY

E. Benilov
Mathematics Institute, University of Warwick, Coventry CV4 7AL, UK

The linear approximation of density and velocity profiles is compared to
more realistic models with vertically inhomogeneous density gradient and
non-zero anomalous vorticity (ie. the non-planeta;?' hgart of potential
vorticity). Calculations based on the parameters of “real-life” currents in the
Northern Pacific demonstrate that effects; acting together, can make
baroclinic instability 2.5 - 6 times stronger and -dramatically expand the
spectral range of unstable disturbances towards the short-wave region (by

factor of more than 20 - 30). ‘
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EXPERIMENTAL INVESTIGATION OF EXCITATION OF
INTERNAL WAVES IN A TURBULENT STRATIFIED SHEAR
FLOW :

S.D.Bogatyrev, O.A.Druzhinin, V.I.Kazakov, D.A.Korotkov, S.N.Reznik,
B.V.Serin, V.I.Talanov, Yu.I. Troitskaya, D.V.Zaborskikh
(Ipstitute of Applied Physics RAS, Nizhny Novgorod, Russia)

The experimental study of dynamics of a turbulent stratified shear current
was performed the Large Experimental Tank (20x4x 2 m) with the temper-
ature thermocline-type stratification and the turbulent shear current created
by the flow inductor. Profiles of the temperature and flow velocity averaged
over the turbulent fluctuations and wave disturbances were measured. For ho-
mogeneous in temperature water characteristics of the shear flow created by
the flow inductor corresponded to the resulst of the theory of self-similarity
developed for free shear flows. In the presence of temperature stratification
the stability of the shear flow was studied. In was foung out that in the region
above the thermocline the Richardson number could drop below 1/4, i.e. the
flow was dynamically unstable. When the flow velocity exceeded some thresh-
old value, strong oscillations were excited. A narrow peak with the maximum
frequency 0.05Hz presented in their spectrum. The amplitude of the corre-
. sponding quasi-harmonic oscillations depended in a square-root manner on the
control parameter (the frequency of spinning of the flow inductor motor, which
is proportional to the flow velocity). These two features confirms excitation of
a globaly unstable mode in the flow.
This work was supported by the grant RFBR (project code 98-05-64651).

STRUCTURE FORMATION IN A ZONAL BAROTROPIC CUR-
RENT: A TREATMENT VIA THE CENTRE MANIFOLD RE-
DUCTION

L. Brevdo and K. Kirchgéssner
Mathematisches Institut A, Universitét Stuttgart, D-70569 Germany.
brevdoSmathematik.uni-stuttgart.de/Fax: [49] 711 685 5535

‘We apply methods of the bifurcation theory of reversible systems for studying
the formation of quasi-stationary spatial structures in a zonal viscous channel
flow with a horizontal shear on an f-plane. A shifted sine dependence of the
zonal velocity on the latitude is assumed. Centre manifold reduction, applied
to the quasi-geostrophic potential vorticity equation in a vicinity of the critical
value R, of the Reynolds number R at which a reversible 1:1 resonance occurs,
and normal form transformation lead to a completely integrable system of four
non-linear ODE’s for which a full classification of the bifurcating solutions is
available. The zonal solution bifurcates supercritically. The family of bifurcating
solutions includes spatially periodic and quasi-periodic solutions, and solutions
homoclinic to the same periodic solution at +oo in the zonal direction. The
spatially periodic structures corresponding to the periodic bifurcating solutions
that persist for the exact system are treated in detail and found to contain
closed recirculation regions provided the value of the bifurcation parameter
g = (R - R,)/R. is small enough. Hence, qualitatively, the appearance of
such regions in the exact solutions of the equation of motion may be related
to the origin of latitudinal distortions of zonal currents and eventually to the
development of blocking highs.

AN ANALYTICAL SOLUTION FOR THE RUN-UP OF WEAKLY
2-D SOLITARY WAVES.

‘M._ Brocchini (Istituto di Idraulica, Via Montallegro 1, Universit4 di Genova,
Genova 16145, Italy)

Very few analytical solutions are known of the Nonlinear Shallow Water Equa-
tions (e.g. Carrier & Greenspan, JFM, Vol. 4, pp. 97-109, 1958; Synolakis, JFM,
Vol. 158, pp.523-545, 1987). These solutions are attractive as they allow direct;
computation of flow properties in the near-shore region and are also ‘bench-
marks’ for comparing and testing numerical solvers. However, their drawback
rests in their horizontal gne-dimensional nature. Recently Brocchini & Pere-
grine, (JFM, Vol. 317, pp. 241-273, 1996) extended the ‘Carrier & Greenspan
solution’ for the case of weakly-two-dimensional periodic flow. Here we propose
an analytical solution which enables easy computation of all the main flow prop-
erties (free water surface and both velocity components) associated with the
run-up of weakly-two-dimensional solitary waves. A limiting wave amplitude is
defined such that breakdown of the solution occurs. A novel analytical solution
is also given for interacting solitary waves in shallow waters (multiple-solitary-
waves solution) and breakdown conditions are provided in terms of a pair of
formulae for both the dimensionless wave heights of the solitary waves and for
their initial positions. We suggest the solutions can be used for modelling both
the run-up characteristics of a single group of waves (multiple-solitary-waves)
and those associated with the run-up of a tsunamis (single solitary wave). Pre-
liminary analysis show that very large run-up is achieved because of the merging
of two or more solitary waves which are smaller than the limiting wave.
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Renormalization of shallow water gravity wave
theories to allow deep water

D. CLAMOND

January 20, 1993

From the shallow water gravity wave theory. an analytic transformation
reconstructs the velocity field in the whole fluid domain. The solution ob-
tained has a non-divergent velocity field. which is not the case of shallow
water solutions. The renormalization increases the validity of solution from
shallow to deep water : the Korteweg & de Vries waves and the Airy waves
are particular limiting cases. The renormalized solution is an unified ap-
proximation for short and long waves. The renormalization also improves
the accuracy of the solution from small to finite amplitudes.

COMPLICATED TRAVELLING WAVE SOLUTIONS OF A
SYSTEM OF PDE=20 DESCRIBING MEDIA WITH
MEMORY AND SPATIAL NON-LOCALITY

V.A. Danylenko, V.M. Sidorets and V.A. Vladimirov
Division of Geodynamics of Explosion
Subbotin Institute of Geophysics of the NAS of Ukraine

The dynamic equation of state aimed at describing shock loading =
afteraction=20 in geophysical media and accounting for the effects of
non-locality=20 and memory is proposed. Together with balance equa-
tion for mass and = momentum it=20 forms a closed system of non-
linear PDE. A set of invariant (travelling = wave) solutions of this=20
system is investigatied by means of qualitative theory methods and =
numerical=20 simulation. The system was shown to possess periodic,
quasi-periodic and = stochastic=20 invariant solutions. A fine structure
of strange attractors arising in = the=20 dynamic system is studied by
means of Poincaré sections technique.=20 An influence of different phys-
ical characteristics (relaxation time,=20 coefficient of non-locality etc.)
on the wave patterns formation is analysed.

BISPECTRAL ANALYSIS OF BOUND HARMONICS OF
GRAVITY-CAPILLARY WAVES IN A WAVE TANK.

Ermakov S.A.,L.R. Konnov, Yu.B.Shchegolkov, G.N.Bochkov, K.V.Gorokhov
Institute of Applied Physics, 46 Uljanov st., 603600 Nizhny Novgorod,
Russia. - )

Fax: 8312-365976, e-mail: stas@hydro.appl.sci-nnov.ru

Measurements of quasimonochromatic and wind gravity-capillary waves (GCWs)
were carried out with a laser slopemeter in a wave tank. Phase coupling betweeen
decimetre-scale GCWs and their high-order harmonics, including "parasitic” capillary
ripples, was studied on the basis of methods of bispectral analysis. The normalized
bicoherence function (NBF) was used to determine a quantitative ratio between
contributions of free and bound components in the GCW spectrum. For the second
harmonics of dominant wind waves this contribution was obtained to be of order
30-40%. NBF also has a wide maximum at high frequencies (larger than 50 Hz), thus
showing existence of "parasitic” capillary ripples generated by dominant GCWs.
This work was supported by the Russian Foundation of Basic Research (projects
96-05-65087, 96-02-18027a) and INTAS (project 96-1665).



SAND RIDGES AND BED-FLOW INSTABILITIES ON THE IN-
NER CONTINENTAL SHELF :

A.Falqués (1), D.Calvete (1), H.E.de Swart (2) and N.Dodd (3)

(1) Dept.Appl.Physics, Univ.Politcnica Catalunya, 08034 Barcelona, Spain,
(2) IMAU, Utrecht Univ., Utrecht, 3584 CC, The Netherlands, (3) Coastal
Group, HR Wallingford, 0X10 8BA, UK.. )

Shoreface-connected ridges are sedimentary rhythmic patterns (O(10 Km}) on

some continental shelves. Their crests are oblique to the coastline and rotated
against the dominant storm current. An explanation of such ridges as emerg-
ing from a positive feedback between growing bedforms and the disturbance
thereby originated on the currents is investigated. Three different instability
mechanisms are identified. First the transverse slope mechanism, that is, the
offshore deflection of a longshore current by upcurrent oriented ridges and its

‘consequent loss of sediment carrying capacity over the crests due to the slope.

Second, the frictional and the coriolis mechanisms, related to the production of
vertical vorticity by the torques due to bottom friction or coriolis force on an
uneven sea bottom. Numerical experiments and analytical developments show,
after comparison with the morphology, that the transverse slope effect can be
considered as the main cause of ridge formation. This has some implications
on the long term averaged current and sediment transport during storms on
the inner shelves where the ridges are present: the sediment transport should
be proportional to the current, and the current should in turn be roughly pro-
portional to the water depth, suggesting a dominant influence of water level
gradients rather than wind stresses. '

FORMULATION OF ENERGETIC TRIADIC INTERACTIONS
IN THE ORTHONORMAL WAVELET REPRESENTATION OF
FLUID DYNAMICS .

Aimé Fournier : B
National Center for Atmospheric Research, Boulder, CO USA 80307-3000.
fournisroucar.edun/Fax: [+1] 303 497 1700

Traditionally the nonlinear transfer of kinetic energy between orthogonal modes
in fluid dynamics has been described by a kind of convolution of Fourier coef-
ficients, known as ‘triad interaction’. Triad interaction between wavenumbers
n, —m and m — n is known to be constrained by a ‘detailed conservation’ the-
orem. Recently Iima and Toh have generalized this description, in the case of
incompressible flow, from Fourier to arbitrary orthogonal decompositions such
as orthonormal wavelets. i

This presentation will generalize their formulation to compressible, hydrostatic
flow. Wheras Fourier triads may be associated to wavenumber triangles in
“Fourier space’, the ‘wavelet triads’ correspond to triangles in a position-scale
‘phase space’. The case will be made that wavelets provide a better mathemat-
ical model of coherent structures than does Fourier, and so waves-turbulence
interactions which are loca! in both scale and position may be better described.

Nonlinear characteristics of ocean wave observations

Randle, Inc., Great Falls, Virginia, USA
ted@chaotic.com

The nonlinear characteristics of 420 temporally disparate data sets of
ocean wave height observations (2 hours, 17 minutes each at 1 Hz)
collected off the California, USA coast were analyzed using algorithms
developed from studies of chaotic systems. A significant finding is that
the dynamical characteristics of the waves are independent of the wave
height and that the embedding space is the same for all the data sets.
The global embedding dimension (degrees-of-freedom), 4, is
consistently six or seven, as is the local dynamical dimension, d;, The
largest of the d, Lyapunov exponents (1), a measure of future
uncertainty, hence predictability, varies widely, and is also independent
of the wave height. Thus, A, is a good candidate for a wave
classification metric. The prediction horizon, derived from A, has
values ranging from near 0 seconds to almost 80 seconds. The
consistent embedding space and the positive Lyapunov exponent
indicate it is appropriate to treat ocean waves as chaotic. Data from
hurricane Camille is used to illustrate how the A, varies with time,
providing insights into the time scales over which the dynamics change.

NUMERICAL SIMULATION OF EXPLOSIVE RESONANT IN-
TERACTION OF ROSSBY WAVES .

M. D. Greenslade and J. Vanneste

Department of Applied Mathematics and Theoretical Physics, Cambridge, UK

CB3 9EW.
M.D.Greensladedamtp.can.ac.uk/Fax: [44] 1223 337918

-Multilayer quasi-geostrophic flow in a channel on a beta-plane provides a nat-

ural model for baroclinic systems and in particular is well suited to studies of
baroclinic instability. The stability criteria have been analysed using both lin-
ear and nonlinear theories by Vanneste (1995). In the case where the basic-state
zonal flow is uniform within each layer, the regions of parameter space which
are linearly stable but nonlinearly unstable are susceptible the explosive reso-

. nant interaction of Rossby waves. A detailed analysis of the three-layer model,

including an estimate for disturbance eddy energy bounds, has been performed
by Paret & Vanneste (1996).

A numerical investigation of explosive interaction has been carried out and is
reported here. The emergence of the instability from a random initial distur-
bance is investigated. The disturbance eddy energy has been calculated and is
compared with the bounds of Paret & Vanneste. ’ :

Application of the Wave Theories for Waves Generated in Reservoirs by
Earthquakes.

T.Gvelesiani (*),G.Jinjikhashvily(**), A.Chanturia(***).

* Doctor Sci. (Eng), Prof. - Georgian Institute for Power & Structures - Tbilisi,
Georgia .

*% Ph.D, Design Eng. - Engineering Division,Israel Electric Corp.- Haifa, Israel
#+* A Chanturia - post-graduate student, Faculty -of Applied Math. Tbilisi State
University. .

In prediction of seismogenic waves ("tzunami” ) in reservoirs problem of avaliability ’
of small amplitude wave and shallow water theories is important from the point of
view of engineering applications. Criterial conditions of divergency of wave
parameters calculated within limits of both above theories are developped based on
theoretical considerations as well as on laboratory tests data. '

CAPTURED BY FLOWS NONLINEAR ROSSBY WAVES
IN THE EARTH’S IONOSPHERE '

A.Gvelesiani, Georgian Academy of Sciences, Institute of Geophysics, .

1 Alexidze Str., Thilisi 380093, Georgia

T.D.Kaladze, Vekua Institute of Applied Mathematics, Thilisi State
‘University, 2 University Str., Thilisi 380043, Georgia. E —mail :
kaladze@uiam.hepi.edu.ge

AbstractConstruction of the theory of the nonlinear Rossby waves
in conductive and nonconducting layers of the atmosphere in the
prersence of zonal and meridional circulation is attempted for the
first time. The analytical expressions describing dynamics of neu-
tral and conductive vortices are obtained. Structural peculiarities
of vortices depending on quantity of magnetic gyroscopic forces are
considered. Possibility of excitation of linear and nonlinear Rossby
waves due to the shift of the geographical and the geomagnetic co-
ordinates is considered. Results of developed theory are compared
with data of observations.

C 1125

NP4




FREE NONLINEAR VORTICAL ROSSBY STRUCTURES
IN THE EARTH’S IONOSPHERE

T. D. Kaladze, Vekua Institute of Applied Mathematics, Thilisi
State University, 2 University str., Tbilisi 380043, Georgia. E —
mail : kaladze@uiam.hepi.edu.ge P. K. Shukla, Institute of Theo-
retical Physics, Faculty of Physics and Astronomy, Ruhr-University
Bochum, D-44780 Bochum, Germany E — mail : ps@ipd.rubr —
uni — bochum.de

Abstract The question of the influence of the interaction between
ionized component of the ionosphere and the Earth’s magnetic field
on the properties of the Rossby waves in all (D, E and F) layers
of the ionosphere is considered for the first time. In this case, the
medium is under the action of not only spatially inhomogeneous
Coriolis force but also under spatially inhomogeneous Lorentz force.
This leads to the new effects and properties of the Rossby waves.
The magnetized Rossby waves and vortices are found in the E-layer.
The real natural mechanism which can lead to the inversion of the
propagation direction of free, noncaptured by flows, Rossby waves
is indicated. The damping decrement due to the induction (mag-
netic) inhibition of the Rossby waves in the F- layer is defined. The
original nonlinear equations describing the vortical formation dy-
namics in the D, E and F layers are obtained.

NONLINEAR INTERNAL WAVES OF ARBITRARY LENGTHS
IN THE OCEAN WITH THE DENSITY JUMP

G.A. Khabakhpashev and O.Yu. Tsvelodub (Institute of Thermophysics

SB RAS, Novosibirsk 630090, Russia; E-mail: geshev @ otani.thermo.nsk.su) .

Dynamics of the interface three-dimensional perturbations in the two-layer lig-
uid bounded by gently sloping rigid lid and bottom is studied. In the system
with horizontal lid and bottom the new equation for plane steady-state waves
running in the direction of the z-coordinate increase has the following form:

2 1
- 840 - $z A - 0 (14 34 7 + 024 -

§ d WA (& 2 U? &
-5U%A ( ”) ( ’7) =0, Ac=1-2p_2
¢ [ * ey «=1-3frae

Here £ =z —Ut, tis the time, U is the speed of the wave propagation, g
is the acceleration of free fall. The coefficients 4, 8, ¢, 7 and g7 depend
only on the géometric and physical parameters of the system. This equation
has the solution of the Stokes wave type which coincides with the well-known
expansions in the limits of deep and equal shallow layers. Some solitary and
periodic solutions of the model differential equation were found numerically.

This work has financial support of the Rus. Foundation for Basic Researches
(grant N 96-01-01766) and of the SB Rus. Acad. Sci. (integr. progr. N 43).

EVOLUTION OF AN ENSEMBLE OF VORTICES ON A BETA-PLANE IN
THE EQUIVALENT BAROTROPIC MODEL

G.K. Korotaev and V.L. Dorofeev (Marine Hydrophysical Insti 2 Kapif
st., 335000, Sevastopol, Crimea, Ukraine)

The classical feature of two-di rbul is the fi ion of coh

vortices from the initially random field. The merging of vortices of the same sign
provides the spectral transport of energy to larger scales. There is a tendency of
spectral transport of energy toward the Rossby radius scale if to consider the equivalent
barotropic model. A beta-effect produces additional length scale that determines the
boundary between weak (wave-like) and strong turbulence. In this study we consider
the behavior of the ensemble of vortices spread uniformly over the area of
integration. We assume that vortices emerged earlicr and have the scale close to the
Rossby radius. We use a Poison statistic to generate the initial ficld consisted of
Gaussmn vortices. The mrbulent beta-scale and the Rossby radius have lhe same ordcr

of de in our simul: The p 1 vorticity eqy

numerically by the quasi-spectral method in the squmd domain wnh penodu:al
boundary conditions. Some vortices d ppear at the begi of i ion due to
the orunder the infl of strain. R vortices together with radiated

Rossby waves form the slow evolved turbulent field. It is remarkable that the energy
of vortices depends only on the value of its meridional displacement from the initial
position and its initial scale. The dependence is the same as for the single vortex of the
same shape freely propagating on & beta-plane. Thus we can calculate the energy of
vortices based on their trajectories. Next we compare the evolution of each
vortex from the ensemble with the freely propagating single vortex of the same shape
for the same time of integration. We found that the freely propagating vortex
-displaces for a larger distance along the meridian. Thus a vortex from the ensemble has
smaller energy lost for the same time. It means that vortices in turbulent field not only
radiate Rossby waves butalso extract energy from the wave field. The possibility
of energy flux from a plane wave to a single vortex we showed earlier. The looping
of trajectories of vortices and the time-space spectra of the wave field gives evidence
of the energy exchange between vortices and waves in turbulent flow.
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THE HAMILTONIAN DESCRIPTION OF WAVES IN A STRAT-
IFIED ROTATING FLUID

A.A Kurkin (Nizhny Novgorod State University, 23 Gagarin ave., 603600 Nizhny
Novgorod, Russia)

A Hamiltonian theory of nonlinear interaction of surface Kelvin and gravity
waves in a layer of rotating fluid, of internal and surface waves in a double
layer ocean, and baroclinic Rossby waves on a sphere is constructed. The
transformations of ordinary physical variables to normal canonical variables
are found for internal and surface waves in a double layer model of the density
distribution. These normal variables are used for calculation of the coefficients
of three-wave and four-wave interaction these waves, for analysis of stability
of quasimonochromatic trains of surface waves with respect to self-modulation
and self-focusing, and for obtain the solution for the solitary surface waves. On
the basis of the theory developed the self-action of baroclinic Rossby waves in
a sphericai layer of rotating fluid, the decay instability of short surface Kelvin
waves in the presence of a given long gravity wave, as well as stabilization of
the decay instability due to phase mismatch of the interacting waves on cubic
nonlinearity of the medium are studied. The growth rates of the decay and
modulational instabilities are estimated for typical parameters of the oceanic
waves.

THREE-DIMENSIONAL INTERNAL GRAVITY WAVES : A
HIGH-RESOLUTION NUMERICAL STUDY

C.R. Koudella (1) and C. Staquet (2)

(1) Laboratoire de Physique, Ecole Normale Supérieure de Lyon, 46 allée
d’Italie, 69364 Lyon Cedex 07, France, (2) LEGI, BP 85, 38041 Grenoble Cdx
3, France.

We present high resolution numerica! results on the dynamics of three-
dimensional internal gravity waves in a stably stratified Boussinesq fluid. Our
study focuses on the evolution of large scale plane monochromatic internal
waves in time, their instabilities, their breaking and the resulting stratified tur-
bulent regime. Of particular interest is the production and interaction with an
essentially three-dimensional non-propagating component of the motion asso-
ciated with potential vorticity.

In a prior two-dimensional study it was found that provxded the initial wave
amplitude is small enough, the initial large scale internal wave is destabilized by
resonant wave-wave interactions. The final breakdown of the wave field occurs
via a global shear layer instability. Although the resonant interaction instability
mechanism is likely to be conserved for small initial amplitude internal waves
in three dimensions, the later stages of the loss of wave coherence processes are
expected to display a genuinely three-dimensional behayior, the caracteristics
of which shall be presented during the talk.

LONG TIME EVOLUTION OF GRAVITY WAVES

M. Landrini (1), O. Oshri (2), T. Waseda (2,3) and M. P. Tulin (2)

(1) INSEAN, Roma, Italy, (2) Ocean Engineering Laboratory, UCSB, CA93106,
(3) International Pacific Research Center, SOEST, UH, HI96822.
tvasedaCakule.soest.hawaii.edu/Fax: [808]956—9425

At least four theoretical avenues for the non-linear prediction of long time,
conservative, wave evolution exist: kinetic equations, narrow banded PDE of
the cubic Schrédinger type (NLS), narrow banded PLUS (e.g. Dysthe eq.), fully
non-linear computations (FNL). Careful systematic comparison between these
methods and with experiments is lacking. Here we report some results showing
comparisons between several theoretical predictions of the evolution of 2 system
beginning as a carrier wave plus small closely spaced side-bands, (w, % éw).
The FNL is able to predict wave overturning and breaking and we have made
a comparison of the breaking predictions with observations in our systematic
wave tank experiment (see our companion paper here by Tulin & Waseda). The
agreement is very good in tracing out the breaking boundary in éw, ka space
and, therefore, the FNL has been taken as a benchmark. Evolution results are
contrasted with those from three different weakly non-linear models: Krasitgkii
(5 waves: we, we & 6w, w, + 26w), NLS; Dysthe. The rank order of performance
was: Krasitskii (5), Dysthe, NLS. The success of Krasitskii (5) is due to the
additional waves at w, + 26w; without it Krasitskii (3) fails like the NLS. As
the breaking condition is closely approached large deviations suddenly appear
between the FNL and Krasitskii (5), best of the analytical methods, perhaps
indicative of a failure of the weakly non-linear approximation there.




ON THE THREE-WAVE INTERACTIONS IN THE ATMOSPHERIC TIDAL
SYSTEM

S.B. Leble(1),1.V. Karpov(2) .

(1) Technical University of Gdansk,Poland,
leble@mifgate.pg.gla.pl/FAX:Polonia (58) 3-47-28-21
(2)West Department of IZMIRAN Kaliningrad,Russia,
yk@izmiran.koenig.swFAX:(7-0112)215606

The influence of the upward propagating solar migrating tide on the thermosphere is
considered by the numerical modelling methods.The calculations show that the
propagation of this tide excites the nonmigrating tides in the lower
thermosphere. These diumal and semidiurnal nonmigrating tides have the significant
contribution in the global thermospheric variations. It is assumed that basic mechanism
of the nonimigrating tides generation is determined by the three-waves interactions in
the tides - mean atmospheric state system. The wave vector components of the diurnal
and semidiurnal nonmigrating tides generated in the lower thermosphere have the
agreement with the resonant relations in the three-wave system. Some model based on
periodical solutions of the three-wave system is proposed and compared with the
numerical one. :

A SEMILAGRANGIAN FINITE ELEMENT BAROTROPIC
OCEAN MODEL . ' '

D.Y. Le Roux (1), C.A. Lin (1) and A. Staniforth (2)

(1) Department of Atmospheric and Oceanic Sciences, C*GCR, Mc Gill Univer-
sity, and CERCA, (2) Meteorological Research Branch, Environment Canada
dleroux@cerca.umontreal.ca / Fax: (514) 369 3880

A barotropic two dimensional flow is simulated by discretizing the inviscid

shallow water equations using the finite-element and semi-Lagrangian methods
on unstructured triangular meshes. The treatment of the nonlinear Rossby
waves is fourth order accurate by using a kriging interpolation scheme. Two
experiments are performed in the Gulf of Mexico to test the ability of the
model to simulate slowly-propagating nonlinear Rossby modes. We simulate
the trajectory of a typical anticyclonic eddy which is shed off the Loop Current.
Firstly, the model is run as a reduced-gravity model with parameters set to
correspond to the first internal vertical mode of a baroclinic model. Secondly,
the external mode is run with realistic bathymetry. The residual circulation
over a topographically irregular coastal channel driven by a time-varying wind
stress is also examined. A last test reproduces the propagation of a Rossby
soliton on an equatorial §-plane.

NORMAL FORMS FOR SHALLOW WATER EQUATIONS

S. B. Medvedev
Department of Physics, University of Toronto, Toronto, Canada, M5S 1A7.
serguei®atmosp.physics.utoronto.ca/Fax: {+416] 978 8905

Several normal forms is considered for the shallow water equations. A first form
is the Poincare normal form. A second form is a cosymmetric normal form. A
third form is the Hamiltonian form. . '

The Poincare normal form can be extented for partial differential equations,
that have linear ordinary equations, as a main part. Poincare normal forms of
the shallow water equations on beta-plane and for large scale (with respect to
Rossby radius) are found.

Cosymmietric normal form of gradient systems with a skew-symmetric bracket
and a definite determining function (functional) is constructed, This form guar-
antees an exact conservation of energy. The cosymmetric form of the shallow
water equations is found. o

A asymptotical version of the Darboux theorem for the field Hamiltonian sys-
tems is proved. The Poisson brackets of the equation for the Rossby waves, the
shallow water equations on beta-plane and the one-dimensional baroclinic fluid
are considered as examples of an theorem application. L

A set of canonical equations for Rossby waves are constructed. Using reso-
nance theory, the Hamiltonian system for Rossby and inertia-gravity waves are
obtain, that describes the main resonance interactions only. It is found that
an asymptotical normal form of the Poisson bracket for the one-dimensional
baroclinic fluid is a direct product of the canonical and zero brackets.

The Flux Vector Splitting Method Application for the Numerical Solution of
Shallow Water Equations. i .

H.Meladze(*), T.Gvelesiani (**),E.Mass (**%), A.Chanturia(*%*%).

* Doctor Sci. (Math), Prof. Head of Department,Faculty of Applied Math. Tbilisi State
University. '

* * Doctor Sci, (Eng), Prof. - Georgian Institute for Power & Structures - Tbilisi,
Georgia ) :
**+ Doctor Sci. (Eng), Prof.,memb.Russian Academy of Sci. Private Expert,Haifa,
Israel; Bruxell Belgium. .

##% *A Chanturia - post-graduate student, Faculty of Applied Math. Tbilisi State
University. -~ ' :

'Implicit and explicit finite - difference schemes based on the Flux Vector Sbiining

(FVS) method for numerical solution of hyperbolic equations system describing water
motion in open channels are built. The convergence of the above solutions with
smooth periodic solutions of the corresponding boundary-values problems is proved.
The computational formulae are simple and handy. The schemes possibilities are
illustrated by numerical tests. ’

NONLINEAR STABILITY AND INSTABILITY OF ZONAL
WIND IN THE ATMOSPHERE

‘Mu Mu & Tang Mozhi

Institute of atmospheric Physics, Chinese Academy of Sciences, Beijing 100029,
China. ’ )
mumu®sun.ihep.ac.cn/Fax: [86] 10-62028604

Arnol’d’s nonlinear stability theorems are applied to study the nonlinear
stability and instability of zonal wind in middle and high latitude atmosphere.
The relationship between the stream function and the potential vorticity
on the 500 hPa isobaric surface is investigated. The results demostrate that

Arnol’d’s second theorem is more important than the first theorem in the -

study of nonlinear stability of quasigeostrophic motions in the atmosphere,

since the stream function decreases with increase in the potential vorticity,

which satisfies the second theorem rather than the first one.

On the basis of the above analysis; a method of the optimal determination of
the "basic flow” is proposed to study the nonlinear stability and instability of
zonal wind in the middle and high latitude atmosphere. The results show that
the stable flows in the synoptic chart satisfy the Arnol'd’s second theorem, and
the unstable flows destroy the conditions of Arnol’d’s second theorem. All these
studies demostrate that Arnol’d’s second stability theorem is of importance in
the diagnosis of the stability and instability of atmospheric motions.

SHALLOW WATER SURFACE WAVES: THE WHITHAM
EXPANSION, KDV HIERARCHY AND LIE TRANSFORM

A.R. Osbomne )
Dipartimento di Fisica Generale dell'Universitd di Torino, Italy
e-mail: onorato@polito.it/Fax-Tel:+39 - 11 - 6707455

The Korteweg-de Vries equation for water waves arises from a first order
multiscale expansion of the Euler equation in the case of irrotational flow
and unidirectional waves. If terms of second order are retained in the
expansion, a physically important equation, still unexplored, is derived.
“This equation, referred to as the Whitham II equation, describes shorter
and higher waves with respect to the KAV equation but has the big
disadvantage of not being integrable in the sense of the inverse scattering
transform. Following the idea of Kodama (Physics Letters, 112A, 1985),
we show that by applying a Lie transform (a near identity transformation),
the Whitham Il equation reduces asymptotically to the second equation in
the KdV hierarchy which is known to be completely integrable and allows
a representation of the wave amplitudes in terms of theta functions for
periodic boundary conditions. We investigate numerically both equations

using a pseudo-spectral method and discuss the physical meaning of the .

Lie transform. The possibility of applying the Lie transform directly to

experimental data and successively analysing them through the inverse -

scattering method is also addressed.
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TOWARDS NUMERICAL RESOLUTION OF THE
PERIODIC INVERSE SCATTERING FOR THE
KADOMTSEV-PETVIASHVILI (KP) EQUATION

A. R, Osbome (Istituto di Fisica Génerale dell'Universitd, Via Pietro
Gmna 1, Torino 10125, Italy).

1 study numerically the Floquet structure for the spectral eigenvalue

problem for the KP equation. I construct the Bloch eigenfunctions and .

study their behavior for a class of periodic potentials as candidate
solutions of KP. A number of surprising results arise as a consequence
of this study. First, in analogy with the spectral problem for the KdV
equation, I am able to construct the algebraic loop integrals of KP
which lead to estimates of the period matrix, wave numbers,
frequencies and phases of the inverse problem in terms of theta
functions. I discuss a number of numerical éxamples for which I am
fully able to construct the spectrum and then to reconstruct the input

i potenual “These results suggest that the Floquet problem provxdes a’

convenient way to parameterize uniquely the inverse scattering
transform spectrum and to construct solutions to KP. Furthermore, it
seems likely that future-studies will be able to use these results for the
analysis of ocean wave data in order to study the nonlinear behavior of
directionally spread shallow water wave trains.

TERMINAL RADIATIVE DAMPING OF A SOLITARY WAVE IN
ROTATIONAL SYSTEMS

L. A. Ostrovsky (1) and R. H. J. Grimshaw, J-M He (2)

- (1) Institute -of Applied Physics, Nizhni Novgorod, Russia; Univ. of Col-
orado/NOAA Environmental Technology Laboratory, Boulder, CO, USA),
(2) Monash University, Clayton, VA, Australia.
lostrovskyQetl.noaa.gov /Fax: [1] (303) 497-3577

The evolution of a solitary wave under the action of rotation is considered
within the framework of the rotation-modified Korteweg»de Vries equation.
Using an asymptotic ptocedure the solitary wave is shown to be damped due
to radiation of a dispersive wave train propagating, near the solitary wave, with
the same phase velocity as the latter. Such a synchronism is possible because
of the presence of rotational dispersion. The law of damping is found to be
”terminal” in the sense that the solitary wave disappears in a finite time. The
radiated wave amplitude and the structure of the radiated "tail” in space-time
are also found. Some numerical results are given which confirm the approximate
theory.

SOME REMARKS ON THE PROBLEM OF WIND
WAVE GENERATION IN A ROTATIONAL FLOW

Pavlov V. (UFR. Math. Pures et Appliquées, Université de Lille,
56955 Villeneuve d’Ascq FRANCE),
Eifler W. (Joint Research Center, EU, 21020 Ispra ITALY),

" The question of how the wind blowing near the free water sur-
""face generates waves remains a central problem in wind-wave re-
searchs, despite the large amount of theoretical and experimental
work. We consider the problem in the framework of the mecha-
nism of wave generation by intense events (bursts): irregularities,
localized in space and evolving with time, and moving in a ro-
tational flow near the air-sea interface. In the framework of the
proposed mechanism, the analytical expressions for the dispersion
relation wy = wlk, U(0), rot U(0)] of the generated waves and for
the spectral distribution S(k) are obtained. It is shown that in the
framework of the model the spectrum S(k) of short waves is direc-
tionally distributed, i.e. exhibits a peak at kyaz, and has a rapid
bluff at wavenumbers less then kpaz. It is shown that the frequency
corresponding to this dominant peak depends on the characteris-
tic velocity scale U, The calculations are compared with laboratory
data. A satisfactory agreement between the predictions and the
experimental date was found.
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VARIABLE-COEFFICIENT ROTATION-MODIFIED EXTENDED
KORTEWEG-DE VRIES EQUATION FOR OCEANIC INTERNAL WAVES

Efim Pelinovsky (1), Tatjana Talipova (1), Alexey Slunyaev (1), Roger Grimshaw (2),
and Peter Holloway (3)

(1) Insmute of Apphed Physics, 46 Uljanov Str., Nizhny Novgorod, 603600, Russia;
émail: enpeli@appl.sci-nnov.ru,

(2) Monash University, Clayton, Australia,

(3) Australian Force Defence Academy, Canberra, Australia

A nonlinear modet for the evolution of the internal tide in the shelf zone is developed
based on the rotation-modified extended Korteweg-de Vries (gKdV) equation. This
model includes quadratic and cubic nonlinearity, dispersion, effects of the Earth's
rotation, and weak horizontal variability of the background stratification. The issue
of the correct definition of the coefficient of the cubic nonlinear term is considered.
Several model examples of the density stratification are used to obtain analytical
expressions for all coefficients of the basic equation. The solitary wave transformation
in a zone of variable sign for the coefficients of either or both the quadratic and cubic
nonlinear terms is studied. The nonlinear vertical modal structure of these internal
waves is also discussed. Results of numerical simulations show that the combined
action of nonlinearity and rotation leads to interesting features in the wave forms
including solitary waves of either polarity, thick solitary waves, and sharp waves with
step-like structure.

SWASH ZONE MEASUREMENTS IN A WAVE FLUME

Marco Petti(1), Sandro Longo (2)
1)DIC, University of Florence, PETTI@INGFI1.ING.UNIFI. T
2)D_ISTART University of Bolognz, LONGO@IDRAULICA.ING.UNIBO.IT

Wave set-up has been measured on impermeable fixed plane beaches by a number of
researchers, from Bowen et al (1968) to Stive (1985). All the results refer to beach
slopes ranging between 0.022 and 0.1. Starting from the outcomes resulting from
research up to now, we have carried out new experiments on a impermeable beach
with constant slope and with different values of the surf similarity parameter. The
main aim of these experiments is to take detailed measurements in the swash zone,
where strongly non-linear processes occur, and to compare the results with some
existing models. The experiments took place in the wave tank (0.8 m x 0.8 m x 50 m)
of Florence Department, equipped with second order generation. The measurements
refer to free surface profiles, to run-up and run-down limits and to fluid velocities. The
specific equipment used were twin wire water level meters, pressure transducers,
image analysis, LDA and micro propeller. All the tested waves are monochromatic,
with possible future extension to irregular waves. -

EFFECT OF AIR TURBULENCE ON THE BENJAMIN-FEIR IN-
STABILITY OF GRAVITY WAVES ON DEEP WATER

R. Pontier, G. Chen and C. Kharif .
IRPHE/IOA Campus de Luminy—Case 903, 163 Avenue de Luminy, 13288 Mar-
seille Cedex 9, Fance.

It is well known that weakly nonlinear wave trains of gravity waves on deep
water are unstable to modulational perturbations. This type of instability (Ben-
jamin and Feir instability) is due to the growth of sideband perturbation and
produces an amplitude modulation of the original wave train. The role of this
resonance is of primary importance in the evolution of wavefields. There is so
far no numerical experiments concerning the effect of air turbulence on the non-
linear stage of this instability. In this work, we investigate numerically effects
of turbulent air flow on the growth rate of the Benjamin and Feir instability.

‘The numerical model consists essentially of two parts: hydrodynamic part for

surface gravity waves, and aerodynamic part for air flow. The potential theory
is used to solve the evolution of gravity waves on deep

water. The velocity and pressure distribution in the air flow over waves is
governed by the Reynolds averaged Euler-equations for an incompressible flow.
Different turbulent closure schemes are used to parameterize the turbulence.
The coupling between the air flow and waves is made through the dynamic and
kinematic conditions at the free surface. The present numerical experiment will
be compared with laboratory experiments on mechanically generated waves
with wind blowing over them, which showed that gentle wind tends to enhance
growth whereas strong wind suppress it.



PASSING OF AN INTERNAL SOLITARY WAVE OVER A STEP

C. Ramirez and D. Renouard o
Laboratoiré des Ecoulements Géophysiques et Industriels/ Coriolis
dominique.renovard@img.fr

We study the effect of a sudden change of depth upon an incident internal solitary
wave. We installed a shelf, 70 cm high and 8 m long in the 13 m diameter rotating

tank. The slope has a cos2 shape and is 50 cm wide. A 5 m long interna! solitary wave

generator is located at some distance from the slope and the incidence angle can be
varied. The tank is filled with a two-layer system of salted and fresh water and the
interface height variations with time are recorded with a 0.5 mm accuracy. In non-
rotating fluid and for small (weakly nonlinear) waves, the refraction angle agree with
the analytical model developed by Pinettes et al. (Fluid Dyn. Res.16 (1995) 217-235),

but for larger amplitude solitary waves the refraction angle is significantly larger than -

predicted. It appears that this is due to nonlinearity and that rotation effects are one
order of magnitude less important than nonlinear effects. Special attention is also

concentrated upon the local perturbation which moves along the shelf break. This -

work is a contribution to MAST3-MORSE- CT95-0027-Programme.

LONG-TERM EVOLUTION OF INTENSE BAROTROPIC VORTEX ON
BETA-PLANE . .

G.M.Rezmik(1), E.Benilov(2), R.Grimshaw(3) i
(1) P.P.Shirshov Institute of Oceanology, Moscow, Russia
(2) University of Tasmania, Launceston, Australia

(3) Monash University, Melbourne, Australia
greznik@wave.maths.monash.edu.aw/Fax: 7-095-124-5983

Scaling and numerical analysis of the barotropic vortex on beta- plane reveals that the
vortex passes through the following stages: 1) development of the secondary dipotar
circulation (beta-gyres) forcing the vortex to move; 2) intensification of the
quadroupole and secondary axisymmetrical components and the vortex deceleration;
_ 3) the vortex decay and destruction. To describe the second stage we developed for an
intense vortex with piecewise constant potential vorticity a theory taking into account
conservation of the vortex energy and enstrophy. The theory allows to calculate the
quadroupole and axisymmetrical corrections and the correction to the translation
vortex speed. In accordance with the theory the vortex deceleration is induced by the
secondary beta-gyres resulting from the interaction between the primary beta-gyres
and the quadroupole and secondary axisymmetrical corrections. All analytical results
are in a good agreement with numerical experiments carried out by other authors.
Using the conservation laws we obtained that the vortex lifetime is directly
proportional to the vortex amplitude and inversely proportional to the group velocity

of Rossby waves. The lifetime of the open ocean eddies (oceanic rings) is.

approximately equal to 130 (650) days. Analysis of the residual produced by the
asymptotic solution explains why the solution is a good approximation for times
much longer than the formal time of its applicability.

HAMILTONIAN APPROACH TO THE DERIVATION OF
EVOLUTION EQUATIONS FOR NONLINEAR
WAVE-PACKETS IN UNSTABLE MEDIA

N.N.Romanova
Institute of Atmospheric Physics, Moscow
Nata &omega.ifaran.ru

The evolution equations for weakly nonlinear wave-packets propagating in
unstable medium are considered. It is shown that the commonly used normal
variables are not appropriate for description of marginally stable wave-packets.
For a broad class of Hamiltonian dynamical systems we construct the canonical
variables based on the linear combination of eigenvectors corresponding to the
two weakly coupled modes. Using these variables we derive evolution equations
both for weakly unstable and marginally stable wave-packets. Also derived are
the three-wave resonance equations including cases when one of the interac-
tiong waves is marginally stable or weakly unstable. As a particular case we
obtained that the participation of a marginally stable wave in the resonance
interaction can lead to the explosive instablily the growth rate of which exceeds
that one for the case when all the interacting waves are stable. The results are
applied for investigation of resonance wave interactions in the n-layer model
of the atmospheric stratified shear flow. The Hamiltonian approach simplifies
essentially the calculation of the interaction coefficients which is formidable
when we consider the intermodal interaction.

SOME PROPERTIES OF WIND WAVES PROPAGATING ON
SURFACE CURRENTS

Igor Sazonov (1), Victor Shrira (2) and Guillemette Caulliez (3)

(1) Institute of Atmospheric Physics, Pyzhevskiy per.3, 109017, Moscow, Rus-
sia, , (2) Department of Applied Mathematics, University College Cork, Ireland,
(3) Laboratoire Interaction Ocean Atmosphere IRPHE, 163 Avenue de Luminy
- Case 903, 13288 Marseille Cedex 9, France.

Growing demand of remote sensing prompt us to re-examine the measurable
properties of wind waves on the "real” surface currents. Both the laminar and
turbulent types of current profiles with the parameters taken from laboratory
and field measurements were investigated. In the result of asymptotic and nu-
merical analysis of linearized Rayleigh boundary value problem it was found

that the week flow approximation based upon smaliness of the current to wave

phase velocity ratio introduced by [Stewart & Joy, 1974] gives surprisingly good
results for real part of dispersion relation well beyond the domain of its asymp-
totic validity. Our work closes long debated question on the possible role of
Miles’ type instability: being very sensitive to the specific shape of profile it
was found that for the typical turbulent profiles the growth rates are four or-
ders less than for laminar and model profiles used earlier for estimations, and
thus are below the viscous threshold. Making use of semi-Lagrangian reference
frame it was also found that wave kinetic-to-potential energy ratio may deviate
up to several tens of percents from unity, the maximal deviation being reached
when the wavenumber times effective current thickness is of order of unity.

SEA SURFACE MANIFESTATIONS OF LARGE-AMPLITUDE INTERNAL
WAVES DURING DIFFERENT WIND CONDITIONS ;

AN.Serebryany and K.D.Sabinin
N.N.Andreyev A ics Institute, M
E-mail: aserebryany@glasnet.ru

117036, Russia

Observations were made near the Mascarene Ridge in the Indian Ocean under )
different sea conditions (winds 8-10 m/s and calm weather). In-situ and radar
observation techniques were used to measure internal waves from a towing or a
drifting vessel. Sharply distinguished internal waves of three main types were found,
with amplitudes up to 70-90 m. The origin of the st and 2nd internal wave types
was connected with an'internal hydraulic jump on the lee side of the sill. The origin
of the 3rd type was related to the nonlinear evolution of the internal tide as it
radiated from the sill edge to the open ocean. All of these waves had strong
interactions with the sea surface, and were clearly seen in the radar images. Intemal
waves manifested as a single wide band (for solitary waves) or as sets of periodic
striations (for internal wave packets). The radar image of the solitary - waves varied,
depending on the background sea conditions. In the case of calm weather, solitary
waves appeared as a single bright band on a dark background, while for wind-wave
conditions, the waves appeared as a single dark band on a lighter background. An
lanation of the fe is offered; our hypothesis is that wind waves are

- modulated by .the orbital currents of interna! waves.: Correlations between the

position of the characteristic band on the sea surface and internal wave phase are
revealed and demonstrated by the observed examples. Evidence of generation of
intense surface waves by a huge solitary internal wave during absolutely calm
weather is presented in detail. .

NONLINEAR DYNAMICS OF A BAROTROPIC WAVE PACKET
IN A WEAKLY SUPERCRITICAL ZONAL FLOW-
S.V. Shagalov, V.P. Reutov and G.V. Rybushkina
(Institute of Applied Physics, Rus. Acad. Sci., Nizhny Novgorod)

Finite-amplitude dynamics of a barotropic wave packet in a weakly
supercritical horizontally sheared zonal flow in the presence of a critical
layer is studied within the beta plane approximation. Small supercrit-
icality defined through the gradient of the planetary vorticity and the
Eckman dissipation parameter specifies the narrow bandwidth of the
instability range. An asymptotic approach involving expansions with
respect to the supercriticality and spectra! bandwidth has been elabo-
rated to extend the nonlinear critical layer theory on the case of the
wave packet with a slow spatial variation. The system of two coupled
equations governing the evolution of the complex wave amplitude and
potential vorticity inside the critical layer is derived. For the

solution of the problem a numerical scheme including the Fourier se-
ries expansion along the flow direction and the finite-difference approx-
imation across the critical layer is- realized for the periodic boundary
conditions corresponding to the lar zonal flow. The problem is re-
duced to the Ginzburg-Landau equation whenever the supercriticality is
small enough for the critical layer to be in a viscous regime. In this case
well known from the laboratory modeling petition bet pectral
component of the wave packet has been revealed. As the supercritical-
ity i the aystem d ates ition to chaos. The route to -
chaos turns out to be very close to that predicted by the Ruelle-Takens
theory. . -
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NONLINEAR 'DEVELOPMENT OF UNSTABLE DISTURBAN-
CES ON THE MAGNETOFLUID FREE SHEAR FLOW WITH A
PARALLEL MAGNETIC FIELD

1.G.Shukhman
Institute of Solar-Terrestrial Physics, 664033 Irkut.sk P.O.Box 4026, Russna
~shukhman@iszf.irk.ru

A study is made of the spatial downstream evolution of a weakly-unstable
disturbance excited by an external source of a frequency w close to the frequency
of a marginally stable (neutral) mode, in a mixing layer of almost perfectly
conducting, nearly inviscid fluid with an uniform parallel magnetic field. The
‘nonlinear dynamics of such a disturbance is governed largely by two critical
layers, i.e. by two narrow regions on the flow profile v, = u(y) near critical
levels y = y; (j = 1), on which the resonance condition u(yz1) = ct ey is
satisfied. (Here ¢ being the wave's phase velocity corresponding to the neutral
* mode, and ¢, is the Alfven velocity.)
A nonlinear integro-differential evolution equation is derived for a complex am-
- plitude of the disturbance, which holds good for all possible regimes of critical
layers, and its solutions are analyzed (numerically and analytically) with differ-
ent relationships between problem parameters. It is shown that the nonlinearity
can play both a stabilizing and destabilizing role depending on the magnitude
of the initial magnetic field and on the degree of supercriticality of the wave.
The structure of the perturbed magnetic and velocity fields is also investigated.

EVIDENCE OF NON-LINEAR INTERNAL WAVE PACKET INTERACTIONS
AT A SHELF EDGE

J Small (Defence and Evaluauon Research Agency (DERA), Winfrith, Dorset DT2
8XJ, UK). E-mail: ajbristow@taz. dera.gov uk

* Remotely sensed and in-situ observations of mtemal waves were made at the Malin
shelf edge during SESAME (Shelf Edge Studies Acoustic Measurement Experiment),
in conjunction with SES, in August-September 1996. SAR imagery indicates the
existence of a number of individual wave packets propagating upslope and on-shelf.
These originate from both local (shelf edge) and distant sources. Interactions occur
between the wave packets, sometimes resulting in the type of resonance predicted by
T Maxworthy (J Fluid Mech, 96, 1, 47-64, 1980). Maxworthy showed that this
resonance only occurred when the angle between the packets exceeded a critical angle.
This angle is calculated for the SESAME region, and used to interpret the data. In-situ
data also shows multiple packets, each recurring on tidal cycles. Possible in-situ
evidence of resonant internal waves is displayed from thermistor chain data.
Techniques of modelling the non-linear interactions are discussed. It is suggested that
these three-dimensional processes are important for internal wave modelling.

NUMERICAL INVESTIGATION ON THE NONLINEAR STABIL-
ITY AND INSTABILITY OF QUASIGEOSTROPHIC MOTIONS

Z.L.Sun, Mu Mu & Z. Z. Ji
‘ Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029,
China. .

mumu@sun. ihep.ac.cn/Fax: [86] 10-62028604

Nonlinear stability and instability of quasigeostrophic barotropic motions are
investigated numerically, based on the theoretical results of Arnol’d’s nonlin-
ear stability criteria. The domain under consideration is a zonal periodical
channel (0, X) x (0,Y) on a beta plane, and the basic flow of the stream func-
tion is ¥ = A(cosky + sinky). The initial disturbance stream functions are
¢ = B(cos2mnz/X + sin2nxz/X)sinlxy/Y, where m,n and I are any inte-
gers.

‘By mtegratmg the governing model, the behaviors of the initial disturbances
to the stable or unstable basic flows are investigated. The main results are as
follows: 1. For a basic flow which satisfies the Arnol’d’s stability criteria, no
matter what kind of initial disturbances are superposed on it, the disturbance
energy and disturbance potential vorticity are conserved in time. Besides, the
behavior of the disturbance field is characterized by a traveling fields in the
zonal direction, without deformation and "blow up”. 2. For a certain distur-
bance field superposed on a basic flow destroying the Arnol’d’s stability criteria
(and might be nonlinearly unstable), not only the disturbance field deform and
blow up apparently, but also the disturbance energy and disturbance potential
vorticity increase rapidly in time, and saturate after a period of time.
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FORCING OF SOLITARY WAVES BY THE DEFORMATIONAL
LONG-WAVE INSTABILITY

E. Tikhomolov
Institute of Solar-Terrestrial Physics, 664033 Irkutsk, P.O.Box 4026, Russia.
e tikh@isz?.irk.ru

The one-dimensional version of the equation governing the flows in a rotating
fluid layer heated from below with a deformable upper stress-free surface is
numerically studied. As was shown in our previous paper nonlinearity in beta-
term gives the finite-amplitude, periodic in spatial coordinate solutions. This
nonlinearity is not sufficient for realization of solitary-waves. Here we account
for the next terms in the expansion of negative diffusion coefficient in the
deformation of the uppéer stress-free surface. In this case in some ranges of
parameters solitary-wave solutions can exist.

The establishment of solitary-wave solutions is due to appearance of strong
inelasticity during encounters of separate pulses. So we reproduce in our one-
dimensional simulations the effect which takes place in two-dimensional case:
catching by the strong vortex of the weak ones.

LABORATORY OBSERVATIONS OF WAVE GROUP EVOLU-
TION, INCLUDING BREAKING EFFECTS

M. P. Tulin (1) and T. Waseda (1,2)

(1) Ocean Engineering Laboratory, UCSB, CA93106, (2) International Pacific
Research Center, SOEST, UH, HI96822.

twasedaCakule.soest .havaii.edu/Fax: [808]956-9425

‘The non-linear evolution of deep water wave groups, which are initiated by un-
stable three-wave systems, have been observed in a large wave tank (50 m long,

4.2 m wide, 2.1 m deep), for waves 1.0 - 4.0 m long, initial steepness ¢ = 0.10 -

0.28, and normalized sideband frequency differences, dw/ew, 0.2 - 1.4. Minimiz-
ing the effect of background disturbances on the evolution, new observations
were made which extends the pioneering work of Lake et al. and of Melville.
Foremost, near recurrence without downshifting was observed without break-
ing, despite a significant but reversible energy transfer to the lower sideband
at peak modulation; complete recurrence was prevented by the spreading of
discretized energy to higher frequencies. Strong breaking was found to increase
the transfer of energy from the higher to the lower sideband and to render that
transfer irreversible. The endstate of the evolution following strong breaking is
an effective downshifting of the spectral energy, where the lower and the car-
rier wave amplitudes nearly coincide. An explanation of the sideband behavior
was given based on wave energy and momentum considerations, including the
separate effects of energy and momentum loss due to breaking, and transfer to
discretized higher frequencies, which was almost universally observed.

MODULATION OF SHORT SURFACE WAVES RIDING ON A
SWELL WAVE UNDER THE TURBULENT WIND. QUASI-LINEAR
MODEL OF THE GROWTH RATE MODULATION

Yu.LTroitskaya
(Institute of Applied Physics RAS, Nizhny Novgorod, Russia)

The model of modulation of short waves riding on a swell wave is developed
explaining the main properties of the hydrodynamic modulation transfer func-
tion (MTF). They are as follows: 1) the magnitude is equal to 5-15 increasing
with the long wave period and decreasing with the wind speed; 2) the phase
varies considerably but is frequently near zero.

The model is based on considering of modulation of the short wave growth rate
caused by variation of conditions of the wave generation by wind along the
phase of the long wave. When calculating the growth rate and its modulation,
the nonlinear effects of the wind-wave interaction is taken into account. The
main effect is deformation of the mean velocity profile, which can be reduced
to increasing of the roughness heigth. In the presence of the swell wave the
rougtness height is modulated. This effect is calculated within the quasi-linear
theory based on the assumption of random phases of the wind waves. The
effect of the wave disturbances of turbulent stresses is described within the
eddy viscosity model. The amplitude and phase of the hydrodynamic MTF
are calculated within the relaxation model. The results of the MTF magnitude
and phase calculations are in agreement with the available experimental data.
This work was supported by the grants INTAS-96-1665 and RFBR (project
code 96-05-65128).



THE EFFECT OF NON-UNIFORMITY OF A WAVE TRAIN ON
'THE MECHANISM OF BENJAMIN-FEIR INSTABILITY

C. A. van Duin, Royal Netherlands Méteorological Institute,
3730 AE De Bilt, The Netherlands. '

We consider a weakly nonlinear, non-uniform Stokes wave train of
finite amplitude on deep water. The non-uniformity, characterized by
slowly varying amplitude, wavenumber and frequency, modifies the
stability properties of the wave in comparison with the uniform case.
Based on analytical methods, it is shown that such a wave becomes
stable under certain conditions. One of these is a sufficient degree of
non-uniformity. This differs essentially from the case of a uniform
Stokes wave, which proves to be definitely unstable (Benjamin & Feir).
The present results are based on the usual linear stability analysis.
However, these are not modified by the incorporation of weakly non-
linear, periodic wave perturbations. Furthermore, the analysis (valid
for this specific example) is readily applied to a greater variety of non-
uniform, dispersive waves.

EXPERIMENTAL STUDY OF THE STABILITY OF DEEP WA-
TER WAVE TRAINS INCLUDING WIND EFFECTS

T. Waseda (1,2) and M. P. Tulin (1)
(1) Ocean Engineering Laboratory, UCSB, CA93106, (2) International Pacific
Research Center, SOEST, UH, HI96822.

_ twasedaCakule.soest.hawaii.edu/Fax: [808]956-9425

An experimental investigation on the Benjamin-Feir instability of non-linear
deep water wave trains including wind effect is reported. The experiment was
conducted at the OEL wind-wave tank (50 m long, 4.2 m wide, 2 m deep and
1.5 m air passage height) with a fully computer controlled mechanical wave-
generator exploring the parameter space; steepnesses (ak=0.133, 0.175, 0.20,
0.24); sideband frequencies (5f/f/ak=0.34~1.1); wind speeds (1.8-13.1 ms~1).
The initial growth rate was estimated for 1.5 m wave from spectral measure-
ment at 11 stations spread along the tank (1.8-41.4 m). Both “seeded” experi-
ment where the wavetrain was initially modulated and “un-seeded” experiment
where the wavetrain was initially un-modulated, were conducted. The “seeded”
experimental result showed a smaller wind effect in the growth rate as reported
earlier by Bliven et al. The “un-seeded” experimental result revealed that the
natural selection of the sideband strongly depends on the wind speed, but the
resulting growth rate was still well predicted by the inviscid theory based on
Krasitskii. From both Bliven et al.’s and our result, we conclude that the main
effect of the wind in the instability comes from the selection of the sideband,
rather than the modification of the inviscid growth due to viscous effect alone.
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‘hazards (co-sponsored by NH)

Convener: Moiseev, S.S.
Co-Convener: Mendes-Victor, L.A.

MASS TRANSPORT INDUCED BY A SLOWLY MOVING CORRUGATED
PLATE IN A VISCOUS ROTATING FLUID -

J.E. Weber and J. Debernard, Department of Geophysics, University of Oslo, P.O.
Box 1022, Blindern, 0315 Oslo, Norway ’ ' )

. j.e.weber@geofysikk.uio.no/Fax:47-22855269

The mean mass transport induced by a moving large plate with corrugated bottom
on top of a viscous rotating fluid is investigated theoretically using a Lagrangian
description of motion. The bottom corrugations are sinusoidal with infinitely long
crests and small amplitudes. The plate velocity is slow enough for a suitably defined
fluid Reynolds mumber R to be small. The solutions are written as a two-parameter
series expansion in R and the nondimensional amplitude . The solutions to OR'e)
'yield the interaction between the basic shear flow (an Ekman current, or a Couette
flow in the nonrotating case) and the nonlinear displacement field due to the

corrugations. The steady mean solution to- this order is obtained, and the mults‘:
show that the analytical method applied by Wang (1978, 1988) has severe shortc-

ommings in predicting the velocity field. The deflection angle a between the surface
stress that drives the plate and the drift direction is compared to the corresponding
deflection angle o, for a flat plate. It is found that a>oy for nondimensionat
corrugation wave numbers larger than 2.25, with a deflection angle that becomes
larger the more the drift is aligned along the striations. For smaller wave numbers,
<oy , with 2 minimum value when the motion of the plate is deflected about 23°
off the cross-striation direction.

A Nonlinear dispersive wave model for Tsunami propagation
C. Corela (1) and L. A. Mendes Victor(1)

(1) ICTE, 'Instituto de Ciéncias da Terra ¢ do Espago, Rua da Esoola Politécnica 58,
1200 Lisboa, Portugal .
ccorela@correio.fc.ul pt/fax:351-1-3953327

The description of the Tsunami run-up is of greatest importance for Tsunami
zonation and evaluation of Tsunami hazard. The difficulties arising here are

" evident: the complexity of coastal zone morphology and the varicty of underlying

surfaces changing due to their interaction with the water flows caused by

Tsunamis,the possibility of waves breaking and competition of nonlinear and -

dispersion effects. In order to work out the problem this paper reports a numerical
simulation of Tsunami propagation with two main components. The first
component concern with Tsunami propagation using the Korteweg and de Vries
(KdV) equation to obtain the travel time and maximum amplitude of the waves in
deep water. In the second component we consider the approach of the waves to the
shallow water, near the coast, using a Nonlinear water wave theory on a sloping

~ beach. .
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MECHANISMS OF MEAN HELICITY GENERATION AND ITS ROLE IN
CRISIS ATMOSPHERIC SITUATIONS

0.G. Chkhetiani (1), E. Golbraikh (2) and S.S. Moiseev (1)
(1) Space Research Institute, Moscow, (2) Center for MHD Studies, Beer-Sheva
moiseev@mx.iki.rssi.ru/Fax: +7-095-3 10-70-23

We have considered mechanisms of mean helicity generation in rotating systems or in
the presence of an external magnetic field. It is shown that at non-zero helicity density
(even if the initial mean helicity is zero), mean helicity is generated in the presence of
rotation or a uniform magnetic field. The effect may be essentially enhanced by the
presence of mean velocity shear or stratification in the system. On the basis of the
theory of helical cascade, helical predictors of typhoon generation in equatorial
latitudes are discussed.

ESTIMATION OF HELICITY PARAMETERS IN WIND SPECTRA AND IN
LABORATORY EXPERIMENTS

A, Eidelman and H. Branover
Ben-Gurion University, Beer-Sheva
eidel@bgumail.bgu.ac.il/Fax: +972-7-6280-467

The analysis of wind spectra shows that there exist several adjacent ranges of spectral
slopes -5/3 and -7/3. It is well-known that such spectral slopes are determined,
respectively, by the energy and helicity transfer rates. When simulating atmospheric
turbulence in the laboratory magnetohydrodynamic experiments, we have also
obtained helical turbulence spectra with such slopes. In the latter case, two adjacent
ranges are also observed. Such a multiplicity of wind spectra ranges points to the
existence of various sources of both helicity and energy generation in the atmosphere
operating over different scales. On the contrary, a laboratory spectrum is generated
under simpler conditions under the action of a single source. -

Estimations of helicity parameters determined in different spectral ranges are close to
the estimations of such helicity sources as the Earth’s rotation and thermals for the
troposphere and atmospheric boundary layer. The anmalysis performed makes it
possible to identify factors determining wind field generation.

ON CELLS MERGING RESULTING TO A LARGE EDDY FORMING

N.S.Erokhin, 5.5.Moiseev and E.A.Sharkov
Space Research Institute of RAS, Profsouznaya Str. 84/32 117810 Moscow, Russia
nerokhin@mx.iki.rssi.nv/Fax: (7)-095-310-7023

It is known that a tropical depression deepening can results to a typhoon forming. Due
to the helical mechanism of a typhoon creation this process looks like the following.
A large vortice is developing through small-scale cells merging providing the fluxes
both the energy and the helicity to large scales. In the paper some experimental data a
tropical depression deepening and the atmospheric turbulence modification are given
and a theoretical model corresponding to them is described. The simplest model
showing cells merging during large-scale perturbation growing and directed to
visualise this process in terms of a streamline functions is demonstrated. It allows to
study the tempora! dynamics of streamlines joining on the plane projection during the
large-scale motion gencration.
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SCIENTIFIC PROBLEMS OF THE SPACE PROJECT "PRECURSOR"

N.S.Erokhin (1), S.8.Moiseev (1), V.M Pankov (1), N.X.Smimov (1), A.1Zabyshnyi
(1), AM.Volkov (2) and Yu.B.Khapin (2)

(1) Space Research Institute of RAS, Moscow; (2) Scientific Center for Studying of
Natural Resources of RusHydroMet, Dolgoprudny, Russia nerokhin@mx.iki.rssi.ru

The main scientific tasks of the project "Precursor” suggested to perform in the frame
of russian segment of international space station "Alfa" are discussed. This project is
devoted to study both theoretically and experimentally the influence of solar-terrestrial
relationships on the atmospheric turbul self-organization by help to measure and
to analyse the hydrodynamical and electromagnetic fluctuations related to large-scale
crisis processes like typhoons. The theoretical problems concerning to project
"Precursor” purpose are formulated and argumented. They include the investigation of
external triggers influence on the atmospheric chaos structure and self-organization
processes, the models and estimations of electromagnetic indicators initiated by
large-scale vortices, the studiyng of correlations between X-rays fluxes measured at
the satellite heights and typhoons, the modern techniques for experimental data
processing and so on. The brief description of experimental equipment suggested to
dispose at the scientific module of ISS "Alfa” and including the radiometric complex
and X-ray spectrometer is done.

INTERMITTENCY FOR PASSIVE SCALAR ADVECTION

U. Frisch (1), A. Mazzino (1,2) and M. Vergassola (1)

(1) CNRS, Observatoire de Nice, B.P. 4229, 06304 Nice Cedex 4, France, (2) Di-
partimento di Fisica del’Universitd di Genova, Via Dodecaneso 33, 16146 Gen-
ova, [taly.

uriel@obs-nice.fr/Fax: [+33] 4-92 00 30 35

The Kraichnan model for passive scalar advection is formulated in terms of La-
grangian tracer dynamics. The n—points equal-time correlation functions are
thus associated to the evolution of n — 1 tracer particle configurations. The
zero—diffusivity limit is shown to correspond to purely advective dynamics,
supplemented by a point-splitting procedure for coinciding points. In this for-
mulation the intermittency of the scalar field arises from the dependence of the
particle dynamics on the geometry defined by their positions. Such effects do
appear when more than one particle is effectively involved in the dynamics, i.e.
starting from the third-order correlations. The anomalous scaling of the struc-
ture functions is in particular associated to the persistence of spatial structures
and the slowing down of particle separation. The Lagrangian formulation is ex-
ploited numerically by Monte—Carlo simulations of particle trajectories in the
stochastic velocity field.

UNCHARGED PARTICLE ACCELERATION AND CRITICAL IONIZATION
FLOW BY ELECTRIC RECONNECTION AND THEIR APPLICATIONS

Hiroshi Kilnucti (Nihon University, College of Science and Technology. 8, Kanda
Surugadai, 1-chome, Chiyoda-ku, Tokyo 101, Japan)

A point-like uncharged particle in motion is usually not affected by electric forces but
only by gravitational forces, since it is ¢o tiny that the so-called ‘test-particle approach’
is feasible. The situation is drastically changed, however, when a dust particle is invad-
ing an electric cusp. Then some of adjacent electric field lines in the opposite direction
tend to merge toward the particle, inducing or polarizing tiny quadrupole-like charges
and producing large local electric fields on its surface, thus electric foroes being exert-
ed on the grain. Now subsequent processes are divided into two cases, depending on
whether the local electric fields on the grain surface are below or beyond the break-
down threshold of the background gas (or vacuum). For the former case, some of the
electrostatic energy tend to be converted into the kinetic energy of the dust particle,
leading to its rapid acceleration. For the other case, local surface discharge may take
place due to sufficiently high local electric fields, forming a plasma layer around the
dust or object and producing critical ionization flow in the form of streamer and leader
followed by eventual main discharge, thus some of the electrostatic energy being con-
verted into ionization and flow energy. Applications to some natural hazards are given,
including dust-aerosol absorption by thunderclouds and/or ionosphere, pre-earthquake
ionospheric effects such as emanation of dust-aerosol particles under the piezoelectric
field in the crust, a variety of electromagnetic and plasma snomaly in the atmosphere
and ionosphere [Pulinets et al.,1994], Chondrule production in meteorites and 30 on.



VORTICITY GENESIS IN THE MOIST ATMOSPHERE

M.V Kurgansky (1) _
(1) Russian Academy’ of Sciences, Obukhov Institute of Atmospheric Physics,

Moscow

Modification of turbulent dynamo model is constructed which takes into account the
inverSe damping action of generated large-scale vorticity on small-scale helical
turbulence. The model describes a quasi-stationary regime with parameters being
determined independently from energy balance considerations under assumption that
small-scale turbulence has the moist-convective origin. Intercomparison of both fluid
dynamical and thermodynamical approaches enables to estimate helical turbulence
parameters that provide the given dynamo-effect. As an illustration, a case of initial
tornado-like vortex formation, which takes place in the foot of a rotating storm, is
considered. ‘ :

GENERATION OF STRUCTURES IN GEOPHYSICAL AND GEO-LIKE
MEDIA WITHOUT A SYMMETRY CENTER

S.S. Moiseev o
Space Research Institute, Moscow
moiseev@mx.iki.rssi.rw/Fax: +7-095-310-70-23

Rotation, inhomogeneity, helical motions of various scales, a large amount of
biological mass (so called biotes) and organic compounds result in that the
geophysical medium should be modeled as a system without a symmetry center. Such
a system is characterized by a tendency to structurization in various scales, and the
present paper deals with the study of some of its properties.

We analyze electric currents, mass and heat flows arising under exposure to light and
further generation of magnetic, electrical and hydrodynamic structures. By way of
example, we consider such phenomena as a result of solar-terrestrial bonds.

We examine the effect of chiral electrodynamic fields on the processes of self-
organization in hydrodynamic media. Different reasons of the phenomenon of
chirality in continuous media are compared, and a competing role of electromagnetic
and hydrodynamic chirality is discussed. o .

On the basis of the photogalvanic effect, taking into account the helicity of vector

fields and other related chiral properties, we ‘analyze diagnostic signs of the
generation of large-scale geophysical processes. .

DETERMINISTIC DESCRIPTION OF A PHASE TRANSITION IN A
MEDIUM, OF INTERACTING WAVES

J. Vassalo Pereira (1
(1) Faculdade de CiUncias da Universidade de Lisboa

‘We start by describing the stability behaviour of an ensemble of identical resonators
generating stationary interacting waves taking two precise (non dispersive) values for
their phases. Such study offers a useful introduction to the understanding of the
general case in which the phases may take any values. It is obvious that by means of
a feed-back effect, the interaction among the waves ("via" their resonators) will
modify the distribution of the phases in the course of time, and the determination of
the equations providing that evolution is the main result of the present paper. The
essential tool in this work is a generalisation of a theorem due to Rayleigh for the
equation govermning the probability distribution of the amplitude and phase of a
superposition of a great number of identical waves with "a priori” equal (random)
phases (It is the heat equation). The corresponding result for any (non random)
distribution of the phases, given in this paper, leads to a bifurcation and a two-fold
solution, employed throuhgout this paper. The final results give for the time evolution
of the phase distribution of the interacting waves a non linear equation with two
different possible structures, one of them describing a pheromenon of a much higher
intensity (a phase transition or a catastrophe), the transition between them taking place
for a certain precise condition for the initial values. ’

_ by means of the internal wave field.

" Vortical Structures in Stratified Turbulent Flows

J.M. Redondo, M.A. Sanchez, LR. Cantalapiedra & R. Castilla
Dept. Fisica Aplicada, Univ. Politecnica de Catalunya,
Campus Nord B5, Barcelona 08034, Spain

The vertical and horizontal structure of stratified turbulent flows is in-
vestigated in e series of experiments where oscillating grid and jets or air
bubbles are used to stir a initially sharp density interface separating two
homogeneous layers. )

The collapsing turbulent patches show a characteristic shape of verti-
cally conected disks. If the local Richardson numiber at the interface is
high, then horizontal vorticity is converted into vertical vorticity, leading to
a distribution of plane vortices. If the initial density structure shows several
layers, the disk shaped vortices interact with each other via two main mech-
anisms, by means of the local shear produced by the collapsing patches or

Several experimental techniques, such as LIF, shadowgraphs and Par-
ticle tracking are used to characterize the vertical size and the horizontal
structure of the mixing patches. The vortical mixing patches produce a
trapping effect on pollutants or biological activity in the Ocean , measure-
ments of the eddy diffusivity show a marked dependence on the trapping
by these p ke shaped coherent structures.

MULTIFRACTAL STRUCTURE OF THE AIR
TRANSMITTENCY SMALL SCALE FLUCTUATIONS

M. Serio, L. Bergamasco, M. Onorato, A.R. Osborne
Dipaﬁimento di Fisica Generale dell'Universita di Torino
Via P. Giuria, 1- 10125 Torino, Italy '
e-mail: Serio@ph.unito.it

The fluctuations of air tranmittency over small time scales (20-500 s),
in presence and absence of fog, are analysed from different points of
view: Fourigr and wavelet t;ansfomi, multiscaling exponents,
multifractal spectrum, structure function. All results indicate a
multifractal structure associated with intermittency and whose
characteristics do not seem to change with the level of visibility; the
origin of this multifractality, whether statistical or dynamical, cannot
however be established with certainty. '

TOWARDS EARLY WARNING: ARE SELF-ORGANISED CRIT-
ICAL SYSTEMS PREDICTABLE?

Leonard A. Smith
Mathematical Institute, Oxford University, OX1 3LB, UK..
lennyCmaths.ox.ac.uk/Fax: [44] 1865 270 515 i

It is sometimes stated that self-organised critical phenomena are much more
“unpredictable” than, for instance, chaotic phenomena. This conjecture is in-
vestigated within the framework of multi-model ensemble forecasting. Both
deterministic and stochastic models are considered. The aim is to provide reli-
able probabilistic information of the likelihood of extreme events over a given
period, even in the case that the model dynamics are deterministic. The most
promising approach appears to be melding of models which consider a variety
of time scales, each of which may have a different model structure.
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geophysical and astrophysical flows

Convener: Sommeria, J.
Co-Convener: Nezlin, M.V.

Sponsorship: INTAS

A LABORATORY STUDY ON THE STRUCTURE AND DYNAM-
ICS OF BAROCLINIC VORTICES ON A POLAR B-PLANE.

M. E. Bastin
Dept. of Atmospheric Physics, Oxford University.

" Results are presented from a set of experiments performed in an internally
heated, rotating cylinder of fluid, in which a polar 8-plane has been simulated
by the inclusion of oppositely sloping endwalls. The boundaries are arranged
so that the fluid depth (D) can either increase with radius (8D/8r > 0) or
decrease with radius (9D/dr < 0). Stable eddy features are observed over a
wide range of rotation rates (2) in both endwall arrangements. The regular
wave regime of the dD/8r > 0 endwall experiments consists of modes with
azimuthal wavenumbers m = 1 to 5. Only the mode m = 1 is seen in the regular
wave regime of the 8D/8r < 0 endwall experiments. The regular eddies seen in
the D/dr > 0 (8D/dr < 0) endwall experiments are found to be ‘vertically
trapped’ close to the bottom (top) boundary, and are seen to reduce their radial
scale as the magnitude of the simulated B-effect increases. At high € the eddy

kinetic energy appears to be trapped close to the Rhines scale Lg = 7/2U/8 .

in the 3D/8r > 0 end wall experiments, although there is little evidence for an
inertial range characterising the inverse energy cascade required by the Rhines
argument. In the 8D/8r < 0 endwall experiments, however, there is evidence for

an inverse energy cascade (with a slope of approximately n‘i) to the smallest

wavenumbers that is not blocked by the simulated S-effect. Such a result is
- consistent with the observation that even at the highest 2 the flow retains a
large m = 1 component in the 8D/8r > 0 endwall experiments.

LARGE-SCALE VORTICES: STABILITY AND
DEPARTURE FROM GEOSTROPHY

M. Ben Jelloul and A. Stegner

LMD, Ecole Normale Supérieure, 24, Rue Lhomond, 75005 Paris,
France.

stegner@lmd.ens.fr

Numerous isolated vortices observed in nature, especially in the oceans,
have characteristic length scale larger than the deformation radius and
finite Rossby number. We present her a study on the stability of
analogous large-scale vortices in a rotating shallow-water experiment
[1]. The paraboloidal geometry used allows an adequate modeling of
the f-plane case. A data acquisition technique using light absorption
ensure precise measurements of the free surface elevation. In addition a
PIV technique gives an independent measurement of the velocity field.
The influence of the velocity profile, the size and the ageostrohic effects
on the stable or unstable evolution of initially isolated vortices will be
confronted to numerical investigations and theoretical predictions.
References ) o

1. A. Stegner and V. Zeitlin. From quasi-geostrohic to strongly
nonlinear monopolar vortices in a paraboloidal shallow-water-layer
experiment, to be published in J. Fluid Mech., 1998.
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SPOTTED DISKS

A. Bracco, A. Provenzale

(Istituto di Cosmogeofisica, Torino, Italy)

E. A. Spiegel

(Dept. Astronomy, Columbia University, New York)

We study the formation of coherent vortices on
barotropic incompressible Keplerian disk, in both the
pure hydrodynamic and the MHD cases. We show that
strong anticyclonic vortices can form on Keplerian
disks. This fact may have interesting consequences

on the process of planet formation in the early
solar nebula.

81;]}3‘_{!’. MECHANISM OF THE ROSSBY VORTEX MERIDIONAL

G.P.Chernikov, q,!,u;z]ig
lisC "Kulrchatov nstitute”, Russia, 123182 Moscow, Kurchatov
quare,

The following mechanism for the Rossby vortex meridional drift
has been proposed: 1. Under the action of disrersiun and the
KdV nonlinearity, the Rossby vortex drifting along the system
paraliel (i.e. azimuthally) suffers the azimuthal deformation,
and the maximum of its elevation or depression on the shallow
water free surface is shifted in the azimuthal direction. 2.

- "According to the Ertel theorem, the azimuthal vorticity gradient

arises in the vortex. 3. That gradient, in principle, acts in the
same gyroscoplc manner by which the meridional vorticity
gradient produced by the meridional gradient in the shalfow
water depth (or in the Coriolis parameter) causes the azimuthal
Rossby 'vortex drift (and produces the Rossby waves).
Analogously, the azimuthal 'vor icig gradient causes the
meridional” Rossby vortex drift. 4. Dispersion and the KdV
nonlinearity cause the meridional vortex drift either in the same
direction {m_ case of a cyclone drifting westwards and
anticyclone dn]hnF eastwards) or in the opposite directions (in
case of an anticyclone drifting westwards or a cyclone driftin
eastwards). In the second case, at definite con itions, mutua
compensation of dispersive and nonlinear etfects may occure. It
leads to formation of the Rossby soliton propagating exactl
along the system gnnllel. 6. Which etlect dominates in genera
case, depends on the vortex amplitude and size, as well as on the
system geometry. The concept mentioned is in a good agreement
with the experiment (see M.Nezlin at al, this Session) and the
natural observations. ‘ T

Interaction of zonal flow with topography. Lab-
oratory and numerical simulations

S. Danilov, L.A.Sazonov (1)
1) Institute of Atmospheric Physics, 3 Pyzhevsky per., 109017 Moscow,
ussia

sazonov@omega.ifaran.ru

Laboratory and numerical simulations of the interaction between a zonal
flow and topography have been performed. The zona! flow was created
by the source and sink method in a rotating annulus with a sloping
bottom. The meridional structure of the flow was kept by a special dis-
tribution of sinks near the internal side wall of the annulus. ﬁle topog-
raphy was taken in the form of one or two mountains passing across thge
channel. Four main vortex regimes were observed: (1) steady motion,
(2) oscillatory motion, (3) the intermittent regime with quasi-periodic
vortex breakdown, (4) the intermittent regime with incomplete vortex
breakdown. The most fascinating is regime 3. In this regime, one ob-
serves periodic formation of vortex system downstream etie mountain,
and its ﬁ:owth followed by breakdown. The zonal flow changes notice-
ably at the stage of mature vortices. Immediately after the breakdown a
chaotic pattern of smaller vortex fragments is formed, whereas the zonal
flow restores to its initial profile. This sequence of events is repeated
with a period on the order of 20-40 cycles. Numerical simulations are
performed by spectral method (the Fourier series in the zonal direction
and the Chebyshev polynomials along the radius) in the framework of
Q2D approximation. They qualitatively reproduce the observed vortex
dynamics.



Transverse structure of Q2D geophysical and mag-
netodynamical flows -

F.V. Dolzhanskii (1)
(1) Institute of Atmospheric Physics, 3 Pyzhevsky per., 109017 Moscow,

Russia
dolzhanskii@omega.ifaran.ru

The detailed comparison of transverse structure of Q2D geophysical
and MHD shear flows is carried out on the basis of the classical ap-

roach developed by Stewartson, Shercliff and others. The sewing con-

itions of Ekman layers in the vicinities of horizontal wall together with
Proudman-Stewartson layers in vertical neighborhood of the velocity
shear are formulated. The physical mechanisms responsible for smooth-
ing of horizontal velocity shears and bottom friction laws are discussed.
TEe resultant 2D vorticity equation with a Rayleigh friction term is
known to give description of Q2D vortex geophysical and MHD flows
consistent with 3D tﬁeory provided that correct choice of the bottom
friction coefficient has been done. The coefficient depends on the phys-

ical parameters of system; explicit formulae are derived to calculate its
" values. The results deserve attention for the construction of laboratory
set-ups and numerical schemes on simulation of developed Q2D flows
including constrained Q2D turbulence.

ASSIMILATION BY PERIODIC UPDATING IN A SIMPLE
HAMILTONIAN SYSTEM AND APPLICATION TO A SIM-
PLIFED SHALLOW WATER MODEL

A. Hannachi
Atmospheric physics, Clarendon Laboratory Parks Road, Oxford OX1 3PU.
hanQatm.ox.ac.uk

A simple Hamiltonian system is used to show that convergence of assimilation
by sequential updating is a decreasing function of the updating time interval
At up to a certain turnover point At, where the process reverses. The key
point, using a second order Taylor expansion of the system resolvent, is that
the convergence is basically of order O(At?) for small At.
Application to a 1D nonlinear shallow water model shows that when the zonal
_or meridional wind are updated, the maximum convergence is obtained when
the observations are inserted approximately every 4 hours. A low order simpli-
fied dynamical system derived from the shallow water model is used to show
that this optimum time interval At, varies approximately as 3 'i’w to accu-
racy O(At3). Attention is also focussed on the use of the linearized model and
we conjecture that when the (quasi-) stationary basic state of a geophysical

model is close to the climatology, then the linearized veision can be used to

diagnose the turnover point.

LARGE SCALE DYNAMICS OF FREELY DECAYING
SHALLOW-WATER TURBULENCE ON A SPHERE

R. Iacono, M. V. Struglia, C. Ronchi and S. Nicastro
C.R. ENEA - Casaccia, Italy.

We have performed long (several hundreds planetary rotations), very high res-
olution (up to an equivalent T700 spectral truncation), simulations of freely
decaying shallow water turbulence on a rotating sphere, spanning a wide range
of values of Rossby and Froude numbers.

The numerical method used in these simulations is the ”Cubed Sphere”, a new
grid point, composite mesh, method for solving PDE’s in spherical geometry,
which allows to obtain the same accuracy as the spectral transform method,
with substantial savings in computing time.

In this work, we focus our attention on the spontaneous formation of zonal
jets and on the final, steady-state, zonally averaged profiles. We investigate the
influénce of spatial resolution and initial conditions on the number, intensity
and latitudinal extent of the zonal jets. At sufficiently high rotation speeds, a
strong equatorial jet is formed, in the direction opposite to that of planetary
rotation. The mechanism of formation of this jet is investigated.

Finally, we find that, at small Rossby numbers, the quasi-steady state reached
in the final stages of the simulations is characterized by a wind field satisfying
a zonally averaged geostrophic relation, even though the velocity can deviate
substantially from local geostrophic balance.

NUMERICAL SIMULATION OF ‘INSTABILITY IN ROTATING
SHEAR LAYER IN GALACTIC DISKS AND SHALLOW WATER
EXPERIMENTS ' ’ . . .

1. G. Kovalenko, V. V. Levy and V. V. Mustsevoj
Volgograd State University, Volgograd 400062, Russia.
levyOphysic.vgu.tsaritsyn.su/Fax: [+7] 8442-433786

‘We present the results of 2D and 3D numerical study of the rotating thin layer
dynamics with an angular velocity kink. The linear and non-linear stages of

tability are investigated. A comparative analysis of two different models,
the shallow water model and the model of compressible gaseous astrophysical
disks, is given. ,

QUASI-TWO-DIMENSIONAL MODELLING OF THIN

ASTROPHYSICAL GASEOUS DISKS
I. G. Kovalenko, V. V. Levy and D. V. Lukin

"Volgograd State University, Volgograd 400062, Russia.

igke_phylic.vgn.tnuitlyn.lu/Fax: [+7] 8442-433786

We discuss at once the tight analogy and the fundamental diffe bet
the shallow water model for incompressible fluid and the quasi-2D models for

- compressible thin gaseous disks in astrophysics. We give a critical review of

current thin disk approximations in astrophysics and their crucial shortcomings.
We present our new self-consistent method for computing quasi-2D dynamics
of thin disks free from the mentioned drawbacks. The important novel feature
of the present algorithm is proper taking into account the vertical motions,
the multimodal nature of oscilations in disk and an arbitrary, non-barotropoic
equation of state of gas. The infl of excited vertical on global
quasi-2D dynamics is d trated by some

ples based upon this model.
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A THERMAL WIND IN PANCAKE VORTICES IN A STABLY .

STRATIFIED FLOW -

P. S. Marcus . )
Dept. of Mechanical Engineering, University of California, Berkeley, CA 94720
USA. - . -
phil@cfd.me.berkeley.edu

In rapidly rotating flows, vortices form Taylor columiis aligned with the verti-
cal rotation axis z. When the flow is thermally stratified the Taylor-Proudman
theorem is modified so that 8v/dz is no longer zero but proportional to the
horizontal temperature gradient V7. This is the Thermal Wind Equation
(TWE). With a proper VT pancake-shaped rather than columnar vortices
form. Planetary vortices are pancake-like. An isothermal pancake vortex will
not satisfy the TWE, and creates a secondary flow similar to Ekman pumping.
This flow creates a V4T in accord with the TWE. However, the vortex decays
slowly, and for small Prandt] number, with the thermal rather than viscous,
timescale: thermal conductivity acts to destroy V4T, but it is maintained by
the secondary flow (which is forced by the jmbalance in the TWE if V4T
decays). Thus the thermal timescale regulates’the secondary flow. Kinetic en-
ergy flows from the primary vortex into the secondary flow which transforms

it to potential energy (as it advects heat against the stable stratification). The

poteritial energy (stored as cold above hot fluid) is then thermally dissipated.

Cc13s



MBRiDIONAL DRIFT OF THE ROSSBY VORTICES

. Mﬂ, A.Rylov, K.Titishov, G.Chernikov
s rrchatov Institute”, Russia, 123182 Moscow, Kurchatov
uare, .

<¢tllezlil;@qq.nli.kiae.su>/l’lx: +7-095-943-0073

The meridional drift velocities of the Rossby vortices on the
shallow water rotating together with a parabolic vessel have
been measured. The shaliow water depth ;udient was regulated
by means of vacriation of the paraboloid rotation period. The
results . obtained are the following. (1). Cyclones and
intict'clones drift along the meridian - in mutually opposite
directions. (2). In general, the meridional drift velocity is only
an order of magnitude less than the azimuthal drift velocit
(along the parallet). (3). The meridional drift velocity equnl‘!
zero at the vessel rotation henod. at which the Rossby velocity
(of linear waves) changes the propagation direction. Therewith,
the nonlinear cyclones propagate eastwards, the nonlinear
anticyclones, westwards, and the life time of the vortices passes
through a maximum. (4). The absence of the meridiona! drift is
the necessary condition for the Rossby soliton (a cyclone drifting
eastwards -and anticyclone drilting westwards). . (5).The
lollowing mechanism for the vortex meridional drift has been
:ug{ested. Under the action of dispersion and nonlinearity, the
vortex drifting in the azimuthal direction sulfers an azimuthat
deformation which produces the azimuthal gradient in the
hydrostatic pressure. The latter causes the meridional vortex
drift by the same gyroscopic mechanism, by which the stationary
meridional_gradient in the shallow water pressure causes the
azimuthal Rossby vortex drift (and produces the Rossby waves).
The conception ‘mentioned is in a good agreement with the
experimental data. .

IN A SHALLOW WATER ANNULAR SHEAR
-E. Snezhkin (1) and J. Sommeria (2)

(1) Inst. for Nuclear Fusion, "Kurchatov Institute” Kurchatov. Sqr. 1 123182
~ Moscow RUSSIA, (2) Laboratoire de Physique, E.N.S. Lyon, 46 al. d'Italie 69
364 Lyon Cedex 07 France.

sommeriaGphysique.ens-lyon.fr’

‘ GENERATION OF VORTEX PATTERNS AND SPIRAL WAVES

We produce an annular shear flow in a shallow water layer entrained by a
bottom plate in differential rotation. The inner part is rotating while the outer
part is at rest, generating an intense shear along the contact line. The inner
part has a parabolic shape so that the layer thickness. remains constant in
average. We study the development of shear instability and its organization
into a vortex ring and the emission of spiral surface waves (equivalent to sound
waves in a 2D system). This problem has been already studied experimentally
by Nezlin and Snezkhin, but the new contribution is a quantitative analysis of
the emmitted spiral waves. ) .

These are found in good agreement with a model of wave emission by the
~ rotating ring of vortices, using a the perturbative method of Lighthill. We find
that the vortex ring always organizes such that the Mach number never exceeds
unity, avoiding shock waves. The transport of angular momentum by the spiral
waves is also discussed. - -

MODELLING OF THE MECHANISM OF OCEAN SURFACE
COOLING BY UNDERWATER EARTHQUAKE.

M. A. Nosov(*), B. W. Levin(**), L. N. Rykunov(*)

(*)Physics Department, Moscow State University, Vorobjovy Gory,
Moscow, 119899, Russia; (**)P.P. Shirshov Institute of Oceanology, RAS,
36, Nakhimovsky prosp., Moscow, 117851, Russia

E-mail:. nosov@psiwc47.phys.msu.su

The appearance of the large-scale (~500 km) cold sea surface temperature
anomalies were discovered in the epicentre region of the strong underwater
carthquakes near Bougenville Isl. in May, 1996. The estimations carried out
from the energetic point of view show that the mechanism of the SST
anomaly origin was certainly connected with an export of cold lower water
layers to the ocean surface as a result of turbulent mixing or vertical non-
linear currents generated by seismic bottom motions. For the sake of
revealing the mechanism laboratory experiments with the system “stratified
-fluid on the oscillating bottom™ were fulfilled. In particular it was shown
that there is a dynamic mode in the system when the vertical eddy diffusion
coefficient grows dramatically (by three orders). It gives us grounds to state
that one of the possible mechanisms of the SST anomaly origin in the
underwater earthquake epicentre region occurs due to an effective transfer
of energy from the moving bottom to the ocean turbulence.
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FLOW PAST ISOLATED TOPOGRAPHY: A COMPARISON
BETWEEN CONTINUOUSLY STRATIFIED AND SHALLOW-
WATER DYNAMICS

Christoph Schar
Atmospheric Physics ETH, Ziirich, Switzerland.
schaerCatmos.umnw.ethz.ch

Shallow-water and continuously stratified flows past isolated topography are
characterized by a wide range of surprinsingly similar flow features including
the transition into a dissipative regime, the formation of lee vortices, and the
occurrence of vortex shedding. A comparison between these two flow systems
is undertaken using high-resolution numerical simulations. Both flow systems
show two distinct nonlinear flow regimes. These are associated, respectively,
with the occurrence of a hydraulic jump (gravity wave breaking), or flow split-
ting and flow separation within the shallow fluid layer (on the lowermost isen-
tropic surfaces).

The analysis of the results using potential vorticity dynamics suggests that
the qualitative similarities between the two flow systems rely upon the exis-
tence of (i) a potential vorticity relationship, and (ii) a generalized form of the
Bernoulli theorem. The latter equates gradients of the Bernoulli function on
density surfaces with either advective or dissipative fluxes of potential vortic-

-ity, and thereby provides a link between dissipation and associated dynamical

effects such as the formation of lee vortices.

LABORATORY MOSELLING OF INTERNAL WAVES
GENERATION BY DRIFTING ICEBERG

0.D. Shishkina
Institute of Applied Physics RAS
E-mail: ols@appl.sci-nnov.ru

Results of laboratory investigation on internal waves generation
by a vertical cylinder are presented. Experiments were performed
in thermally stratified tank in IAP RAS with overall dimensions
L* B+ H =18 * 4 + 2 m® with the horizontally homogeneous

" thermocline-type stratification created in the fresh water, so

providing a scale model of the seasonal ocean thermocline.

The cylinder crossed the free surface and had various depth T
relatively to the thermocline’s level ko (T/ho = 0.5 — 1.5). The
velocity range was similar to natural iceberg drifting velocity. The
mode structure of the IW field, the phase picture and the IW
amplitudes versus the cylinder’s draught and velocity are
obtained. Both dispersive and nonlinear IW effects were observed.
This work was supported by the RFBR grants no. 96-05-64457,
no. 96-05-64476 and INTAS grant no. 94-4057. '

SHALLOW WATER EXPERIMENTS WITH A SPHERICAL
ICOSAHEDRON-BASED MULTIGRID MODEL

G. R. Stuhne and W. R. Peltier .
Dept. of Physics, University of Toronto, Toronto, Ontario, Canada M5S 1A7.
gordanC@atmosp.physics.utoronto.ca/Fax: (416) 978-8905

Results of numerical simulations will be reported pertaining to a variety of in-
stances of barotropic and shallow water dynamics on the surface of the sphere.
These have been obtained with a new grid-point based methodology which
makes use of a nested mesh structure deriving from successive dyadic refine-
ments of the spherical icosahedron. In combination with multigrid methods,
spatial discretization schemes of this type can improve algorithmic complex-
ity to O(n) from the O(n?) of pseudo-spectral models (n being the number of
degrees of freedom). We have implemented models based upon the basic frame-
work which integrate the vorticity-streamfunction formulation of the barotropic
system and the velocity-height formulations of both the barotropic and the shal-
low water systems. The results to be described will include cases from the stan-
dard test set for shallow water models on the sphere (Williamson, et al, 1992),
as well as reproductions of a previous simulation by Juckes and McIntyre (1987)
of the erosion of the stratospheric polar vortex by an impinging Rossby wave.
We will also discuss new work relating to the dynamics of zonal flows and vor-
tical structures in the stratospheres of the gas giant planets. The influence of
varying height fields on piecewise homogenized “staircases” of barotropic PV
will be considered.



PHYSICAL MECHANISMS OF AN INTENSE VORTEX MOTION

G. G. Sutyrin
Graduate School of Oceanography, University of Rhode Island, Narragansett,
RI 02882-1197, USA.

Intense vortex motion resulted from its nonlinear interaction with a large-scale
flow with weak gradient of the potential vorticity is analyzed. Physical mech-
anisms of a vortex center motion relative the large-scale flow are described by
decomposing the vortex circulation into symmetric and asymmetric compo-
nents. The special structure of symmetric vortices drifting steadily due to the
Rossby wave mechanism is emphasized. All other vortices include asymmetric
circulation that represents another physical mechanism for additional station-
ary or nonstationary vortex motion. Relative contributions of both mechanisms
are estimated for barotropic and baroclinic vortices. Results are compared with
" geophysical observations, laboratory modeling and numerical simulations.

POSSIBLE VERIFICATION OF THE DEFORMATIONAL LONG-
WAVE INSTABILITY EFFECT :

E. Tikhomolov

Institute of Solar-Terrestrial Physics, 664033 Irkutsk, P.O.Box 4026, Russia.
e_tikh@iszf.irk.ru

The deformation of the upper surface of the rotating fluid layer heated from
below can be the reason for appearance of horizontal temperature gradients.
These temperature gradients can give rise to baroclinic component of the flow
which is, in fact, the thermal wind. If the upper surface is not sustained at
constant temperature the initial disturbances of the upper surface tend to zero
because flows are damped out due to viscosity. But in opposite case a new
effect can appear, i.e. the increase of the deformation amplitude. This effect
was called in our previous paper as the deformational long-wave instability.
The necessary conditions for this instability to be realized, besides the heating
from below, are the small thickness of the layer in respect to the horizontal
scale of the flows and rather rapid rotation. Here we discuss the possibility of
verifying the validity of the theory of the deformational long-wave instability
by shallow water experiments.

A SPECTRAL DOMAIN DECOMPOSITION METHOD TO
RESOLVE A STRONG LOCALIZED SHEAR LAYER

ENM-ENAC, 7 av. E. Belin, BP 4005, 31055 Toulouse Cedex, France
" tomasini@recherche.enac.fr

Kelvin-Helmholtz and centrifugal instabities coexist in a strong shear
layer in rotation if the angular momentum decreases outwards. We have
already studied them numerically with a 2D barotropic compressible
pseudo-spectral code and found a qualitative agreement with shallow water
experiments. But for quantitative comparisons, the shear width is expected
to be tightened. To correctly resolve the shear with Chebyshev spectral
. method in the radial direction, the number of points (or frequencies) can be

increased, but not indefinitely. Moreover, the better accuracy is at the
boundaries. As the shear is localized around the middle of the radial
. annulus, we have chosen to join 2 Chebyshev domains at this position. We
will link the 2 domains with the characteristics method by traiting, at the
interface, only the waves travelling radially, due to the advection terms of
the full Naviers-Stokes equations. Some results (most instable frequency
and its linear growth rate) and comparisons with shallow water experiments
(number of stationnary vortices, drift velocity) will be showed at the same
convective Mach number and ratio of the shear radius over the shear width.

Particle tracing in a circular shear layer

J.A. van de Konijnenberg, A.H. Nielsen, J. Juul Rasmussen and B. Stenum
Risoe National Laboratory, Optics and Fluid Dynamics Department, Building 128,
P.O. Box 49, 4000 Roskilde, Denmark Emait: bjame.stenum@xjisoe.dk

The trajectories of particles in the vortical structures generated by a shear layer are
investigated. In the experiments, a small number of floating tracer particles is released
in the shear region, and their paths are extracted from a video recording made in the

rotating system. Due to a slight unsteadiness in the flow field, a particle can move
" between qualitatively different orbits, and one can observe trapping and detrapping of
- the particle by a vortex. A determination of very long particle traces and their chaotic

properties is the subject of present investigation; moreover, studies of the effect of
different sizes of particles will be carried out. In order to study particle trajectories in
a shear layer numerically, the numerical code has been extended with a module that is
able to follow individual particles with spectral accuracy. Apart from tracing a single
particle over a long time, the numerical method is suited for studying the dispersion
of a large number of particles. In general, one finds that particles that are released
close to a vortex centre remain trapped indefinitely, but that particles released at the
edge of a vortex show an irregutar motion corresponding to trapping and detrapping.

Influence of the beta effect on shear-flow instability

' JA. van de Konijnenberg, A.H. Nielsen, J. Juul Rasmussen and B. Stenum

Risoe National Laboratory, Optics and Fluid Dynamics Department, Building 128,
P.O. Box 49, 4000 Roskilde, Denmark Email: l_)jame.stenum@risoe.dk

The influence of the beta effect on the instability of a forced, circular shear layer ina
rotating layer of water is studied experimentally and numerically. The experiments are
carried out in a rotating parabolic vessel with a differentially rotating inner section.
Above a critical value of the inner rotation, the shear layer becomes unstable, and
evolves into a number of equally signed columnar vortices. A topographic beta effect
is introduced by a faster (beta>0) or a slower (beta<0) background rotation. In
geophysical terms, the case beta>0 corresponds with dynamics around the North or
South pole. Thus, using the terminology of the northern hemisphere, the <north?
corresponds to shallow, and <south? to deep. Both the number of vortices and the
steadiness of the final vortex pattern appear to be influenced by the beta effect. In
particular, the vortex chain becomes less susceptible to instability if the inner section
rotates in the eastward direction, and tends to become unsteady in the opposite case.
The angular vélocity of the vortices around the centre of the vessel appears to be much
lower than the average of the inner disk and the outer part of the vessel, an effect that
can be explained in terms of nonlinear advection of vorticity by the vortex chain. The
experiments are supported by numerical simulations based on the spectral solution of
the quasi-geostrophic equation in a geometry similar to the experimental situation.
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Mechanics of tectonic and volcanic

earthquakes (joint with NP)
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Convener: Sileny, J.
Co-Convener: Panza, G.F.

SEISMIC MOMENT TENSOR OF WEAK CRUSTAL
EARTHQUAKES OF VRANCEA (ROMANIA) RETRIEVED BY
WAVEFORM INVERSION

L. Ardeleanu !, M. Radulian ', J. Sileny %, G.F. Panza*
'Natlonal Insntute for Earth Physlcs Bucharest, Romania
% Geophysical Institute, Acad. Sci. Czech Republic, Prague,
Czech Republic
s Imcrnatnonal Centre for Theor